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PREFACE 


The  Aeronautical  Systems  Division's  Infra-Red  Signature  Prediction 
Model  (ASDIR)  is  an  integrated  system  of  computer  programs. 

The  ASDIR- I I computer  program  has  been  developed  for  computing,  by 
analytical  model,  the  infrared  signature  produced  by  the  hot  parts  and 
the  exhaust  plume  of  aircraft.  The  program  development  was  accomplished 
in  two  steps.  The  first  step  consisted  of  collecting,  evaluating,  .and 
isolating  those  major  sections  of  existing  and  available  computer  programs 
which  analytically  modelled  the  various  major  areas  of  the  overall  objec- 
tive in  a superior  manner.  The  second  step  consisted  of  compiling  the 
above  selected  program  sections,  creating  an  overall  control  program,  and 
writing  new  program  elements  to  complete  the  required  analytical  model. 

The  documentation  for  ASDIR-II  has  been  written  in  three  volumes: 
Volume  I - USER  Manual  - describes  the  program  input  and  provides  the 
user  with  example  applications , Volume  II  - PROGRAM  DESCRIPTION  - 
describes  the  program  and  its  various  functions,  and  Volume  III  - 
REFERENCE  DOCUMENTATION  - provides  the  user  with  essential  background 
material . 

The  work  reported  herein  was  conducted  by  Capt  C.  W.  Stone  and  Mr. 

S.  E.  Tate  of  the  Propulsion  and  Energy  Division,  Directorate  of  Advanced 
Systems  Design.  Assistance  in  program  shakedown  and  improvement  of 
pnigramming  efficiency  was  provided  by  Mr.  w.  L.  uicntennerg  or  tne 
same  Division.  Sample  preparation  assistance  was  provided  by  Lt.  T.  E. 
Dayton  of  ASD/ENY1V.  This  effort  was  conducted  during  the  period  1 July 
1973  to  1 July  1975. 
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INTRODUCTION 


Infrared  (IR)  energy  is  emitted  by  hot  parts  and  hot  gases. 

A number  of  emitting  sources  exist  in  the  field  of  view  of  IR  seeking 
mi". silos  and  IP  detection  systems  which  arc  observing  an  aerospace 
system  (aircraft)  in  flight.  Important  emitters  include: 

. background  (earth  objects,  sky,  clouds,  etc) 

. (lot  parts  of  engine  exhaust  systems. 

. Hot  gases  of  engine  exhaust  (plume). 

. Heat  exchangers  (oil  coolers). 

. Scintillated  sunlight  reflections. 

. Aircraft  lights  (internal  $ external). 

. Aerodynamically  heated  leading  edges  arid  surfaces. 

IV  radiated  enerev  will  contain  both  erav-body  Rambert  ion  spectra 
and  also  molecular  species  spectra.  Emitted  energy  rays  which  pass 
hrough  the  mixed  and  coclcd  exhaust  gases  will  experience  spectral 
attenuation  prior  to  being  exposed  to  atmospheric  attenuation.  An 
infrared  signature  of  an  energy  emitting  source  is  defined  as  the 
frequency  spectra  and  distribution  in  azimuth  and  elevation  of  infrared 
' no rtf y emitted  by  a radiating  sour"  as  the  energy  enters  the  trans- 
mission media  (the  atmosphere  in  case  of  aircraft).  ASDIR-II  calculates 
lne  inflated  signature  of  aerospace  systems. 

ASDIR-II  was  developed  to  be  a suitably  accurate  but  timewise 
and  computer-resources- wi.se  practical  computer  analysis  or  model  of 
the  infrared  signature.  The  details  of  the  computer  program  arc 
y.  f>sented  and  described  in  volumes  11  and  III  of  this  report.  The 
purpose  and  intent  of  this  volume  is  to  instruct  the  ASDIR-II  user 
in  the  use  and  application  of  the  computer  model.  •Example  problems 
will  be  found  in  the  Appendix. 
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APPLICATION  OP  ASD1K-1I 


Program  Operation 

Program  accuracy,  simplicity,  and  rapidity  of  execution  were 
optimized  by  maximizing  reliance  on  geometric  symmetry  in  the  develop- 
ment of  the  plume  structure  and  the  irradiance  rays.  It  follows  that, 
ASDIR-II  is  an  axisyimnetric  analysis  and  the  resulting  IR  signature 
is  a surface  of  revolution  about  the  aircraft  I inc-of- flight . Points 
of  IR  observance  are  located  in  space  relative  to  the  signature  emitter 
by  slant  range  and  aspect,  where  aspect  is  the  included  angle  measured 
from  the  aftward  aircraft  line-of-flight.  Aspect  angles  of  azimuth 
and  elevation  must  first  be  converted  to  the  axisymmctric  included 
angle  during  input  data  preparation.  Infrared  signatures  of  aircraft 
configurations  which  are  not  surfaces  of  revolution  must  be  composed 
of  output  data  of  several  axi symmetric  JR  signatures  using  the 
principles  of  superposition. 

While  the  step-by-step  directions  below  will  rover  the  following 
points,  it  is  appropriate  to  emphasize  a few  program  features  here: 

1.  Input  data  are  grouped  into  several  categories.  Input  data 

Qot’c  pro  v'i.'tl’i  IDS  n'-iritc  T’S  unci  I Lloclkc  avc  ceded  ’d th  IB 

numbers.  Input  data  sets  make  use  of  namelist  "reads"  with  the 
exception  of  IDS1  which  uses  formatted  "reads".  All  IB  data  are 
formatted. 

2.  When  engine  hot  parts  are  analyzed  in  the  SIGNIR  portion  of 
ASDIR-II  (IHOTjtO)  the  aspect  angle  selections  are  read  m at  TB54 
and  55.  These  angles  are  sequentially  selected  by  a counter,  TCHECK. 

The  sequential  selection  requires  that  program  control  return  to  a 
point  near  the  beginning  of  the  program  for  each  aspect  angle  selection 
and,  thereby,  repeating  read  instruction  for  IDS-2,  namelist  CASH . lor 
this  reason  a b$CASEb$  card  must  be  provided  for  each  repeat  cycle  until 
all  angles  have  been  selected.  The  angle  list  can  be  intentionally  cut 
short  by  simply  omitting  ; : appropriate  number  of  b$Q\SEb$  cards  or  by 
inserting  a b$CASEbTERj'f=  \UE.b$  card  after  the  desired  number  of 
b$CASEb$  cards.  If  too  many  b$CASCb$  cards  are  input,  a program  stop 
will  occur  when  the  angle  list  is  exhausted.  Each  b$CASEb$  card  re- 
presents an  opportunity  to  develop  a special  output  for  a single  angle 
such  as  a plotting  deck,  a plume  characteristic  plot,  a spectrum 
analysis,  or  some  other  output  selection.  An  appropriate  designation 
(i.e.,  ISPAT=2  to  request  a plotting  deck)  is  simply  entered  on 
selected  input  cards  as,  for  example: 


b$CASEbISPAT=2b$ 


then  neutralized  on  the  next  card  as: 
b$CASEbISPAT=Ob$ 

where  the  b designates  a blank  card  column. 

3.  Certain  input  data  items  arc  redundant  in  that  they  are  "read 
in"  by  more  than  one  "read".  Certain  other  data  fall  in  essentially 
the  same  category  in  that  more  than  one  quantity  represents  the  same 
input.  Input  data  which  involve  redundancy  or  compatibility  and  their 
input  location  are  summarized  in  Table  I. 

4.  A final  data  compatibility  requirement  exists  when  an  "input" 
states  the  number  of  items  to  be  entered.  It  is  important  to  enter 
the  appropriate  number  of  values  so  stated.  These  interactions  are 
summarized  in  Table  II. 

5.  Radiance  from  the  engine  exhaust  nozzle  cavity  is  normally  the 
most  significant  part  of  the  overall  aircraft  IR  signature.  The 
radiance  is  directly  dependent  upon  the  geometric  view  factors,  a set 
of  values  which  is  extremely  tedious  to  generate  for  each  engine  to  be 
analyzed.  Provisions  are  included  in  ASDIRII  for  generating  these 
'mow  factors  as  punched  card  output  in.  a view  factor  computer  run. 

For  the  view  factor  computer  run  IB49  through  S3  and  all  IDS  input 
from  IDS-2  to  IDS- 6 may  be  excluded  from  the  input  string  if  the 
program  execution  is  requested  to  stop  after  punching  the  view  factors, 
inputs  required  for  punching  view  factors  and  requesting  STOP  include 
all  "IB"  data  up  to  IB48  and  specifically: 

IDS1  bb03 

IB7  bbOx-1  Note:  Surface  node  temperatures 

are  usually  not  known,  so 
x will  usually  be  zero. 

When  the  view  factor  cards  have  been  punched,  they  must  be  included 
:i  the  input  as  IB10  and  1B11.  In  addition  IDS!  and  IB7  require  revision 

to; 


IDS1  bbOl 

IB7  bbOxOl 

for  resumption  of  IR  signature  prognun  execution. 
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TABLE  I INPUT  COMPATABI LITY  REQUIREMENTS 


INPUT  QUANTITY 

NAME 

INPUT  LOCATION 

Stream  total  temperatures 

TEMPO,  TW 

IB5,  1B9 

(of  primary  and  secondary 

TTP,  ITS 

IB43.  44 

flow) 

TTPN,  TTSN 

IDSS 

Overall  nozzle  length 

X2 , XI 0,  X20 , TPL , XF 

IB4,  5,  6,  12 

ANL 

IDS2 

Nozzle  exit  dimensions 

Y2,  Y10,  Y20 , AACT 

IB4 , S,  17 

RPN,  RSN,  RP 

IDS2 

Stream  total  pressures 

PIT,  PTS 

IB43,  44 

EPR,  FPR 

IDS  5 

Stream  flow  rates 

WP,  IVS 

IB43,  44 

WAPAC,  WASAC 

IDS  5 

Ambient  pressure 

PAMB 

IB45 

ALirLid 

1DS2 

IR  wavelengths 

BAND1 , BAND2 

IB57 

AMI,  AMF,  I FILTER 

IDS2 

Scenerio 


ALTPLM,  ALTOBS,  RANGE 


IDS2 


TABLE  II  INTERACT  n/F  ixj»lrr 


1PCATI0N  01- 


input  quantity 

No; . z I !->■  geometry 
Fluid  nodes 

transpiration  cooled  nodes 
I;i  I m cooled  nodes 
Convection-film  nodes 
Cooling  Data  table 
Multiple  fluid  node  surfaces 
Objects  protruding  into  streams 
Conduction  paths 
Special  fluid  nodes 
Aspect  angles 

The  following  input  are  in 
Observation  points 

fixt-'-nl  radiating  areas 

fixlLwral  nozzle  plug  coordinates 


NUMBER  OF  I NIP  IRS 

DATA 

IB3 

IB4, 5, 8,10,11,13, 14, ] 
16,20,24,27,33,41,43, 
44,47,49,53 

IB8 

1B9 

IB24 

IB25 , 26 

1B27 

IB28,  29,  30,  31,  32 

IB33 

IB34,  35,  36,  37 

IB38 

IB39 

IB41 

IB42 

IB47 

1B48 

IB49 

IB50 

IBS1 

IB52 

1B54 

IB55 

IDS-2: 

NRANG 

ALTOBSCi) 
RANGE (i) 

NR  XT 

EAREA(i), 

ETEMF(iJ 

NP 

XP,  RP 
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BASIC  ASDIR-JI  A I RCRAPT  CONI : I QJRATI ON 


The  aircraft  configuration  most  simply  represented  by  ASDIR-II  is 
axi symmetric,  single -engined,  and  gas  turbine  powered  with  no  external 
parts  shielding  or  blocking  the  view  of  the  hot  exhaust  nozzle  opening 
or  the  plume.  The  IR  signature  of  this  basic  configuration  is  completely 
developed  by  simply  preparing  the  input  data  in  accordance  with  the  in- 
put data  instructions  below.  The  output  can  include  listings  of 
spectrally  and  spatially  resolved  radiance,  plume  gas  parameters  and 
species,  equivalent  black  body  area  and  temperatures  of  the  nozzle 
exit  plane,  etc.,  or  line  printer  plots  or  Calcomp  Plotter  punched  decks 
as  directed  by  output  control  parameters  selected  and  given  in  the  input. 
A Calcomp  plot  of  a spatially  resolved  IR  signature  is  included  with 
example  problem  1,  Appendix  A.  (Calcomp  plotting  routines  arc  not  in- 
cluded as  part  of  ASDIR-JI). 

Included  in  the  prognmi  initialization  are  appropriate  input 
quantities  which  describe  a generic  basic  configuration  plume-only 
sample  case.  The  sample  IK  signature  covers  the  band  from  2.D  to  2.1 
micrometers  (pM)  wavelengths.  The  short  version  output  of  the  sample 
rn so  is  provided  in  the  Appendix  and  at  the  end  of  the  urodruin  listing 
for  those  users  who  have  obtained  their  own  copy  of  the  program.  The 
sample  case  can  be  exercized  by  the  following  five  input  cards; 

1.  bbOOOO 

2 . b$CASEb$ 

3.  b$PLUMINb$ 

4.  b$POWERb$ 

5.  b$CASEbTERM= . TRUE . b$ 

where  the  first  b is  in  column  one.  The  $ represents  the  CDC  6600 
namelist  syntax.  When  executing  ASDIR-II  on  another  computer  system, 
the  namelist  format  and  syntax  of  that  system  should  he  used.  The 
sample  case  is  executed  in  4.5  seconds  on  the  USAF/ASD  computer 
center's  CDC  6600  computer  using  SCOPE  3.4.3. 
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Since  aircraft  configuration  of  pract  i i;i I interest  are  considerably 
more  Ciunplex  than  the  basic  configurut  ion  considered  in  the  AMUR  II 
mode'  , more  effort  in  preparing,  input  data  and  comb  many  uui  put  data 
(ill  be  repaired  Tor  their  representation.  boiini/on  additional  input 
data  preparation  will  require- 

. hand  prepared  external  surface  einissivity  wrcighled  aieas 
(ABM),  and  temperature-.  (TRIi)  represent ing  aircraft  compo- 
nents for  each  aspect  angle  (ASI’DI-.C,  resolved  from 
azimuth  and  elevation)  to  he  considered. 

. hand  prepared  shielded  hot  part  areas  (ABB)  of  engine 
interna]  hot  parts  for  each  aspect  angle  to  be  considered. 
Shielded  hot  part  areas  are  exposed  engine  part  areas  as 
output  by  S1CN1R  but  arc  partly  or  wholly  shielded  by 
aircraft  components  such  as  the  empennage. 

. (Plume  radiance  cannot  lie  partially  shielded  conveniently. 
Complete  shielding  of  plume  radiation,  and  its  attenuation 
influence,  can  be  achieved  by  setting  IRADCK- ’ in  Ills  i ■ 

Additional  output  data  preparation  which  v.ill  lie  commonly  required 
s the  sunnmng  of  results  of  several  computer  runs.  A twin  engine  con- 
figuration signature  can  be  developed,  for  example,  by  doubling  the 
results  from  a single  engine  computer  case.  Suppose,  further,  that  each 
engine  is  shielded  differently  by  aircraft  components.  In  this  ca-.o, 

•■ach  engine  wjth  its  partiiu’.u  si."  Ming  pattern  would  be  put  on  the 
computer  separately  and  the  results  .aided  form  the  composite  whole 
signature,  for  a multi  engine  ( i .e. , four,  mix,  eight  , etc.)  configuration 
more  --.ingle  engine  cases  will  l>-  required.  The  development  ol'  .111  engine 
less  aircraft  (1RAIX1K=2)  signature  to  be  added  to  the  several  shielded 
engine-only  signatures  is  a practicable  appioach  and  reduces  the  probability 
of  ipadvei t ant Jy  including  1 component  more  than  onto. 

'I he  prescribed  technique  of  superposition  of  signatures  dm-,  involve 
small  bur.  unknown  error  in  the  composite  signature  in  that  some  -iireralt 
< . impellents,  engines,  or  plumes  may  be  seen  through  plumes  of  near  engines 
u some  viewing  aspects.  This  error  can  be  considered,  in  certain  instances, 
1 an*  ing  the  results  to  be  conservative.  Also,  this  ••nor  will  tend  1o 
",v,i  .hull"  a-.  .1  fun.  t i.ii-  of  range  as  atmospheric  attenuation  : r-c-l 'a  1 1 y 
•I'vt  r*'S  procY-s-  );•  wore  eiu  rgv. 
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PROGRAM  CONTROL  SCIILMB 


Program  control  parameters  are  included  in  the  input  data  for  select- 
ing the  various  program  functions  as  well  as  the  1/0  functions.  The  pro- 
gram (and  input  requirements)  control  logic  flow  diagram  is  given  in 
Figure  1.  The  six  control  codes  are: 

. I HOT  . I CHECK  . IRAJDCK 

. NFLW  . I FILTER  . KDATA 

The  details  of  THOT  are  discussed  in  the  Preparation  of  Input  Data 
Deck  section. 

NFLW  is  an  automatic  control  which  alerts  tire  program  to  the  fact 
that  it  is  processing  the  first  of  many  sequential  calculations. 

When  the  program  begins  it:  second  sequence,  the  NFLW  control  is 
changed  from  0 to  1 to  indicate  to  the  program  that  preliminary  calcula- 
tions have  been  made  and  that  most  read  directives  need  not  be  repeated. 

NFLW  is  included  in  the  input  (.IDS- 2)  hut  it  serves  no  purpose  for  the 
nrocrnm  user  and  should,  therefore  ho  omitted  and  ignored. 

ICHECK  is  an  automatic  counter  which  selects  the  sequential  calcula- 
tion quantities  ASPDEG,  ABB,  and  TBB.  In  addition,  when  ICHECK  is  <0, 
namelist  CASE  is  written  in  the  output,  ALTOBS  and  RANGE  inputs  arc  con- 
verted to  units  of  kilometers,  and  AMI  and  AMF  arg  admitted  to  operational 
computer  registers.  These  functions  make  ICHECK  convenient  to  rebegin  the 
ASPDEG  sequence  with  or  without  a new  set  of  ranges,  observer  altitudes, 
or  IR  band  wavelengths. 

IFILTER  designates  to  the  computer  that  a filter  is  used  in  conjunc- 
tion with  the  IR  sensor.  Either  preloadcd  filter  characteristics  shown 
in  figs  2 through  6,  can  be  designated  or  filter  characteristics  can  be 
.input  in  IDS- 4. 

When  a filter  is  designated,  the  IR  band  designators  in  IDS-2  are 
over-written  by  the  filter  band  wavelengths.  The  namelist  I-'ILT  in  IBS-4 
is  read  when  IFILTER<0. 

KDATA  is  normally  not  used  for  input  control,  although  it  possesses 
the  potential  to  affect  a read  of  plume  structure  data  from  tape  or  punched 
cards  which  had  been  produced  by  a previous  computer  run.  The  normal 
utility  of  KDATA  is  to  select  output  options  as  explained  in  the  Preparation 
of  Input  Data  Deck  section. 


Several  output  options  are  available  in  the  program  such  as  spatial 
and  plotting  punched  card  output,  etc.  Each  is  explained  under  its  control 


code  in  the  Preparation  of  Input  Data  Deck  section.  The  output  options 
control  codes  are: 


Print  Control  Card 
KKKI 

K50,  NPLOT 
IL 

I SPAT 

ITAU 

KEIATA 


(IB-2) 

(IB-7) 

(IB-56) 

(IDS -2) 

(IDS-2) 

(IDS- 2) 

(IDS-2) 
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PREPARATION  OF  INPUT  DATA  DECK 


The  description  of  the  aircraft  and  background  must  be  detailed, 
arranged,  and  punched  into  an  Input  Data  Deck.  The  Input  Data  Deck 
.is  organized  in  two  categories;  Input  Data  Sets  (IDS)  which  arc  pre- 
dominately in  namelist  format,  and  Input  Blocks  (IB)  which  are  formatted 
for  computer  road.  The  IB's  are  prepared  exclusively  to  satisfy  the 
internal  hot  parts  (SIGN1R)  input  requirements.  In  preparing  the  LB 
input  cards,  it  is  particularly  important  to  provide  every  card  requested 
even  if  a given  card  is  blank. 

The  instructions  for  the  preparation  of  each  input  card  arc  given 
below  in  the  sequence  required  for  input  "read"  by  the  program.  For 
input  Data  Decks  which  involve  logical  branching,  as  depicted  in  Figure  1, 
instructions  arc  provided  below  at.  the  branching  points  to  indicate  the 
next  required  input.  Cross  reference  to  relevant  input  .ire  also  provided 
to  assist  in  compatibility  of  input  data  and  avoid  anomalies  sucli  as  an 
engine  operating  at  dOOOO  ft  altitude  in  an  aircraft  flying  at  10000  ft. 

Every  Input  Data  Deck  will  begin  with  IDS-1. 


IHOT  (2X,I2)  Initial  program  control  directive  declaring  the  exclusion 
or  inclusion  (and  mode)  of  engine  internal  hot  part  analysis.  For 
proper  directives,  enter: 

bbUO  - To  bypass  internal  hot  parts  calculations.  Provide  ASPDEG, 

ABB,  TBB,  ALTPLM,  and  engine  operation  data  in  IDS-2  and 
IDS-5  from  previous  ASDTR  nans  or  other  information  sources 
(if  required  data  is  not  available,  see  next  directive). 

Skip  directly  to  IDS-2. 

bbOl  - To  enter  intenial  hot  parts  calculations.  Omit  ASPDEG, 

ABB,  and  TBB  in  IDS-2.  Insure  compatibility  among  IB4, 

5,  6,  9,  12,  17,  43,  44,  45,  57  and  IDS-2,  5.  Skip  directly 
to  SIGNIR. 

bb02  - To  bypass  internal  hot  parts  calculation  and  enter  SIGSUB. 

Omit  ABB,  ASPDEG,  and  TBB  in  IDS-2.  As  for  the  bbOl  code 
instructions,  insure  compatibility.  This  code  is  prefcjrcd 
over  bbOO  for  rerunning  previously  run  flight  conditions. 
Proceed  directly  to  SIGSUB. 

bb03  - To  acquire  geometric  view  factors.  It  is  usually  desirable 

to  punch  the  view  factors  by  use  of  bbOO-1  in  1B7,  Inclusion 
of  IDS-2  through  5 is  not  required.  (See  IB7  for  alter- 
natives), The  IHOT-bb03  code  together  with  KKKI  = - 1 ( 1 33 7 ) are 
required  to  STOP  operation  after  punching  view  factors.  Skip 
directly  to  SIGNIR. 


<*?  - 
i 

4 •* 

m -1 


sigsub 


This  portion  of  IDS-1  provides  the  output  of  SIGNIR  but  does  not  invoke 
the  calculation  of  SIGNIR.  S1GSUI5  is  a convenient  way  of  entering  data  which 
had  been  computed  and  printed  in  the  output  in  a previous  run.  SIGSUB  is 
accessed  by  IIIOT=bb02,  Enter  up  to  twenty  (.20)  combinations  of  aspect  angle, 
equivalent  radiating  area,  and  effective  black  body  temperature  in  the  follow- 
ing substitute  IB  formats: 


SIB1 


NANG  = Number  of  combinations  of  axi symmetric  included 
aspect  angle,  radiating  area,  and  radiating 
temperature,  (up  to  20) 

Input  format  2X,  12 


r 


SIB2 

AX 

ATX 

AA8 


~ Equivalent  radiating  area  representing  a discrete 
portion  of  riie  observer's  lie! u oJ  view.  (hq.  Qn.j 

- Effective  black  body  temperature  of  area  AX 
(Deg.  K) 

= Axisymmetric  included  aspect  angle  of  observer 

relative  to  the  aircraft  aft  line  of  flight . (Degrees) 

Input  format  3F10.5 


Repeat  SIB2  for  each  value  entered  in  SIB1 . 


Bypass  SIGNIR  and  proceed  to  IDS-2. 
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STCNIR 


The  inputs  to  S1GNIR  are  to  be  prepared  under  fifty- seven  IB  formats 
of  which  many  are  repeated  in  input  data  loops  as  necessary  to  read  in 
similar  data.  These  data  constitute  the  geometric  and  flow  details  of  the 
hot  aft  end  of  engines  from  the  turbine  discharge  to  the  nozzle  exit. 
Several  modes  of  nozzle  cooling  are  offered  for  analysis  by  the  program 
as  well  a;,  paths  of  conductive,  radiative,  and  convective  heat  transfer. 
The  geometric  view  factors  are  generated  by  STCiNIK.  In  the  instructional 
steps  below,  each  clement  of  data  required  is  described  and  certain  repeat 
loop  notations  are  made. 


Jill 


T1TLT.  = Title  cards.  User  is  allowed  80  spaces  per  each  of 
f»  Cai'uS  tO  write  this  1-i'lC'xYiI  jufuimaUuu,  5 caxus  .ue  jequxieu. 
ii  less  than  S cards  are  needed,  supply  the  remainder  with  blank 
cards . 


j 


Input  format  20.M 


Print  control  card.  For  radiation  results  only, 
input  a blank  card.  For  additional  pr.int-out, 
input  a 1 for  each  of  the  following  parameters  to 
be  printed. 

PRINT1  = Print  control  for  stream  compressible  flow  information. 

PR I Ml' 2 = Print  control  for  surface  boundary  layer  information. 

PRINT3  = Print  control  for  surface  node  average  heat  transfer 

coefficients. 

PRINT4  = Print  control  for  fluid  node  temperatures. 

PRINT5  * Print  control  for  surface  cooling  results. 

FRINT6  - Print  control  for  internal  geometric  view  factors. 

PR1NT7  - Print  control  for  temperatures  of  all  configuration 

nodes . 

PRINT8  = Print  control  for  the  configurations  external  view 
factors. 

PRINT9  = Print  control  for  radiation  results  unattenuated  by 
atmosphere.  Also  see  K50  in  1B56. 

PRINl'O  = Print  control  for  force  factor  information. 

Input  format  2X,  1012 


Total  number  of  fluid  streams,  (up  to  5) 

Total  number  of  surfaces.  (up  to  5) 

Total  number  of  surface  nodes,  (up  to  44) 

Total  number  of  entrancc-cxit  nodes. (up  to  5) 

Axis  node  indicator  (input  1 if  node  exists;  if  not, 
input  zero) . 


Input  format  2X,  512 


ft- 


IB4 


* 


XI 

Yl 

X2 

Y? 

VECT 


None 
I SURF 


Physical  data  necessary  to  describe  the  surface 
nodes  and  axis  node.  Each  card  represents  infor- 
mation for  one  node. 

Node  upstream  axial  coordinate,  fin.) 

Node  upstream  radial  coordinate,  (in.) 

Node  downstream  axial  coordinate,  (in.) 

Node  downstream  radial  coordinate,  (in.) 

Node  surface  orientation  parameter.  (If  node 
represents  outside  surface  of  the  frustum  of  a 
cone,  input  +1.;  if  it  represents  inside  surface, 
input  a -1.;  axis  node  has  value  of  +1.) 

Node  number . * 

Surface  number  on  which  node  is  located. 

Input  fom  t 5F10.5,  2T2 


Pcpeat.  TB4  for  each  surface  node  (up  to  44)  E,  axis  node  if  one  exists. 

* Assign  a is  node  number  1 o bo  one  greater  1 h:.n 
final  fluid  node  number. 


1155 


ti 


<T 


Entrance  exit  node.  Each  card  represents  information 
for  one  node.  Foe  a ”sk  node  the  upstv  am  coordinate 
correspond  to  the  coordinate  > r the  disk  inner  ring. 
X10  = Node  upstream  axial  coordinate,  (in.) 

Y10  = Node  upstream  radial  coordinate,  (in.) 

X20  = Node  downstream  axial  coordinate,  (in.) 

Y20  = Node  downstream  radial  coordinate,  (in.) 

j VFCTO  = Node  surface  orientation  parameter. 

1 If  node  is  an  exit  disk  node,  input  +1.;  il  it  is  an 

, entrance  disk  node,  input  -1.  If  node  is  not  a disk, 

, follow  the  convention  of  VECT  provided  in  1114. 

i TR4P0  = Node  temperature.  (°R) 

I NODEO  = Node  number. 

J Input  format  CF10.5,  12 
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& 


Repeat  IB5  for  each  entrance -ex it  node. 

1B6 

' 



§ 

TPL 

= Total  axial  length  of  the  system,  (in.) 

Input  format  FI 0.5 

* 

IB7 

’ 

KKI 


KKKI 


= Surface  node  temperature  indicator;  (input  1 If 
surface  node  temperatures  are  input;  if  not,  in- 
put zero) . 

= Internal  geometric  view  factors  and  surface  node 
areas  indicator  (input  1 if  they  are  input;  if  not, 
input  zero,  input  -i  if  they  are  to  he  punched). 


NOTE : 


T -f 


The  calculation  of  geometric  view  factors  is  lengthy  and 
minimization  of  repeat  calculations  should  be  applied  whenever 
possible.  The  early  use  of  -1  in  KKKI  is  recommended.  bb03 
is  required  in  IDS-1  and  IDS-2  through  5 can  be  omitted  for  this 
run.  KKKT  = -1  calls  for  a computer  STOP  after  punching  the 

view  factors. 


u an.  nUi  1|J  UL  ^ ujf  pci  J J X L)KJ  OliNl  X L>i>  . 

Input  format  2X,  212 


NNAT 


= Total  number  of  fluid  nodes  and  special  fluid  nodes 
if  any  (up  to  30) . 


i) 


Input  lurmat  2X,  12 


um £ 

AREA  = Surface  area  of  the  surface  node  or  the  entrance - 

exit  node  that  corresponds  to  the  number  of  times 
through  loop  1.  (Sq.  in.) 
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m 


IB12  « 

r 

XF 

= Axial  distance  representing  end  of  f]uid  stream,  NN. 
(Begin  with  the  first  fluid  stream),  (in.) 

Input  format  1F10.5 

IB13  i 

' 

JSURF 

= Upper  surface  number  and  then  lower  surface  number 
corresponding  to  the  fluid  stream  of  IB12 

Input  format  2X,  212 

I 

' 

Repeat  IB12  and  IB13  for  each  flow  stream. 

1 

Go  to 

IB53 

IBM 

KSURF 

NZ 

KOOL 

■ A surface  number. 

“ Total  number  of  surface  and  axis  nodes  along  that 
surface . 

= Counter  to  define  cooling  along  surface.  Input 
one  of  the  following: 

0,  for  no  cooling. 

1,  for  transpiration  cooling, 

2,  for  film  cooling. 

3,  for  convection-film  cooling,  counter  flow 
configuration. 

4,  for  convection- film  cooling,  parallel  flow 
configuration. 

Input  format  2X,  31? 

<*>■ 

i 
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A 


*»©■*- 

& 


■■■  »■ 


* 


IB16 


ISTREM 

K 


KK 


n 

XF 


© 


IB15 

r 

NODEN 

= All  surface  nodes  along  the  surface  (KSIJRF)  above. 

Input  format  2X,  2012 

, 

• _ 

Repeat  IB14  and  1B15  for  each  surface,  NNN. 

E 


Begin  loop  2 which  incorporate!;  IB16  through  1B40. 
This  loop  will  identify  fully  the  fluid  sireams, 
their  surfaces  and  surface  cooling  if  any.  Loop  2 
will  be  operated  once  for  each  fluid  stream,  NN. 


Fluid  stream  number. 

Type  of  fluid  stream.  Input  one  of  the  following: 

0,  for  secondary  stream. 

1,  for  primary  stream. 

2,  for  mixed  stream. 

Fluid  stream  exit  indicator.  Input  one  if  the 
rlt.  id  stream  does  exit  to  ambient  surroundings 
or  0 if  the  stream  does  not. 

Axial  location  representing  start  of  fluid  stream. 

(in-) 

Axial  location  representing  end  of  fluid  stream. 


(in.) 


If  the  exit  node  is  not  a disc  and  KK-1,  set  XI7  to  the 
smaller  of  X10  and  X20(IB5)  and  AACT(1B17)  to  the  related 
fluid  stream  cross  section  area. 

Input  format  2X,  312,  2X.  2F10.5 


■< 

. 

If  the  above  fluid  stream  does  not  exit  to  the  ambient 
surroundings,  go  to  IB18. 

1 

c 

r' 

0 ' 
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IB17 


r~  *'  * 


Cross  sectional  area  of  the  fluid  stream  exit. 
This  is  the  end  of  the  tailpipe  for  the  fluid 
flow  stream  in  1B16.  (Sq.  in.) 

Input  format  1F10.5 


Total  number  of  fluid  nodes  within  this  fluid 
stream. 


Input  format  2X,  12 


N0DEN2  = Fluid  node  number.  * 

KIK  = Type  of  fluid  node.  Input  one  of  the  following: 

0,  for  secondary  fluid  node, 

1,  for  primary  or  fully  mixed  fluid  node. 

XX2  = Approximate  axial  coordinate  which  represents  the 

mid-point  of  the  fluid  node,  (in.) 

Input  format  2X,  212,  4X,  F10.5 


Repeat  IB19  until  all  the  fluid  nodes  for  the  fluid 
stream  of  IB16  have  been  entered. 

* Numbered  consecutively  after  surface  node  numbers 


Begin  loop  3,  an  internal  loop  to  be  executed  2 
times  for  each  time  through  loop  2.  Once  fox  each 
of  the  surfaces  that  border  the  fluid  flow  stream 
in  IB16.  This  loop  incorporates  1B20  through  1B40. 


m 


B2< 


If  the  surface  cooling  information  for  the  surface 
of  IB20  has  been  input  earlier  in  loops  2 or  3,  by 
pass  IB21  through  IR40. 


© 


RSC 

GAMASC 

CPSC 

WSET 


= Total  temperature  of  the  coolant  supply  fluid  for 
the  surface  in  IB20.  (°R) 

= Coolant  supply  fluid  gas  constant  (ft.  lb. /lb.  °R) 

= Coolant  supply  fluid  specific  heat  ratio, 

= Coolant  supply  fluid  specific  heat  (BTU/lb.  °R) 

= Coolant  supply  fluid  flow  rate,  (lb. /sec.) 

If  this  parameter  is  to  be  computed,  input  0.0. 

= Temperature  of  the  heat  source  adding  heat  to  the 
coolant  supply  fluid  in  the  coolant  delivery  system, 
(°R).  If  no  source  exists,  enter  0.0. 

= Overall  heat  transfer  coefficient  between  heat 
source  and  coolant  supply  fluid,  (BTU/hr.  °R) . If 
no  heat  is  transferred  enter  0.0. 

Input  format  7F10.5 


If  coolant  supply  fluid  flow  rate  is  not  to  be 
calculated,  bypass  IB22. 


= Total  pressure  of  coolant  supply  fluid  source, 
(lb./sq,  in.) 

= Pressure  loss  parameter  for  the  coolant  delivery 


system. 


crhP/W  1 lb./sq.  in. /(lb. /sec. )n 


= Pressure  loss  exponent  for  the  coolant  delivery 
system,  n^  = L ^oAP/fC^)/^  W (nondimens ional) 

Input  format  3F10.5 


If  surface  is  convection-film  cooled,  go  to  IB33. 
If  surface  is  film  cooled,  go  to  IB27.  If  surface 
is  transpiration  cooled,  go  to  IB23. 


29 


I 


] 


I 


IB26 


XN  = Axial  coordinate  of  the  surface  node  representing 

part  or  all  of  the  transpiration  material  (in.). 

YN  = Radial  coordinate  corresponding  to  XN,  (in.) 

For  XN  and  YN,  input  upstream  coordinates  of  each  of 
- the  nodes  and  in  the  order  listed  in  IB25.  Then  input 
. the  downstream  end  surface  coordinates.  Repeat  this 
card  for  these  coordinates,  4 sets  of  data  to  a card. 

Input  format  8F10.5 


30 


i 

j 


\ 


i 

\ 


j 


1 

i 

i 


1 


Number  of  cooling  slots  for  each  node.  (The  amount  of 
data  entered  on  this  card  will  be  equal  to  the  number 
of  nodes,  MA,  of  IBZ7.) 

Input  format  2X,  1012 


s 

= Slot  height  of  film  cooling  slots,  (in.).  The  order 
- of  input  shall  be  in  an  increasing  axial  direction.  The 
total  amount  of  data  entered  will  be  equal  to  the  number 
of  slots,  NUM,  in  1B27.  Each  card  will  contain  a maximum 
of  8 values. 

] 

1 

Input  format  8F10.5 

3: 


Axial  coordinate  of  a cooling  slot,  (in.) 

Radial  coordinate  corresponding  to  XN,  (in.) 

For  XN  and  YN,  input  the  coordinates  of  each  of 
the  cooling  slots  and  then  the  coordinates  of  the 
end  of  the  surface.  Each  card  will  hold  4 sets 
of  data. 

Input  format  8F10.5 


Film  cooling,  slot  discharge  coefficient  for  each  surface 
(up  to  2)  input  format  1F10.5 


Bypass  IB33  through  IB40. 


32 


. • V 


= Axial  coordinate  for  cooling,  (in.) 

= Radial  coordinate  corresponding  to  XN.  (in.) 

= Height  of  the  cooling  slot,  (in.) 

= Combined  turning  and  exit  pressure  loss  parameter 
(lb.sq.  in./ (lb. /sec.) 2 

Input  format  4F10.5 


Repeat  IB34  for  each  (up  to  20)  of  the  cooling  slot  coordinates; 
end  coordinate  of  the  last  heat  exchanger,  and  the  coordinate 
for  the  downstream  end  of  the  surface  if  they  do  not  coincide 
with  those  of  the  end  of  the  last  heat  exchanger . Use  S = 0.0 
and  K5  = 0.0  where  coordinates  do  not  represent  a cooling  slot. 


for  th 


......  JL._ 

Go  to  IB36 


= Axial  coordinate  for  cooling,  (in.) 

= Radial  coordinate  corresponding  to  XN.  (in.) 

= Height  of  the  cooling  slot,  (in.) 

» Combined  turning  and  exit  pressure  loss  parameter, 
(lb./sq.  in. /lb. /sec.2) 

(Uses  S = 0.0  and  K5  = 0.0  where  coordinates  do  not 
represent  cooling  slots.) 

Input  format  4F10.5 


Repeat  IB35  for  the  upstream  coordinates  of  the  first 
heat  exchanger,  for  each  (UP  t0  2°)  °f  t'1c  cooling  slot 
coordinates , and  the  coordinate  for  the  downstream  end  c 
the  surface. 


IE36 


34 


35 


IB43 


P 


I 

Total  pressure  of  the  hot  fluid  stream,  (lb./sq.  in.) 
Total  temperature  of  the  hot  fluid  stream.  (°R) 

Gas  constant  of  the  hot  fluid  stream,  (ft.  lb. /lb.  °R) 
Specific  heat  ratio  of  the  hot  fluid  stream. 

Fluid  flow  rate  of  the  hot  fluid  stream,  (lb. /sec.) 
(inter  0.0  for  each  of  these  parameters  if  the  configura- 
tion contains  no  primary  fluid  stream .)  (See  Table  I) 

Input  format  5F10.5 


IJ 


t 


Total  pressure  of  the  cool  fluid  stream.  (lb./Sq.  in) 
Total  temperature  of  the  cool  fluid  stream.  (°R) 

Gas  constant  of  the  cool  fluid  stream,  (ft.  lb. /lb.  °R) 
Specific  heat  ratio  of  the  cool  fluid  stream. 

Fluid  flow  rate  of  the  cool  fluid  stream,  (lb. /sec.) 
(Filter  0.0  for  each  of  these  parameters  if  the  configura- 
tion contains  no  secondary  fluid  stream.)  (See  Table  I) 

Input  format  5F10.5 


T 


Ambient  pressure,  (lb./sq.  in.) 

Input  format  FI 0.5 


j 


Surface  or  entrance -exit  node. 

The  fluid  node  that  is  next  to  NODHM. 

Repeat  the  information  above  for  all(uP  1 ° -r>b)  suriaee 
and  entrancc-cxit  nodes.  Each  card  contains  a maximum 
of  13  sets  of  data.  Make  N+NO(TB3)  entries. 

Input  format  2X,  3812 


& 


! 

j 


Begin  loop  4 on  IB47  and  IB48.;  This  looj  will 
be  executed  the  same  number  of  times  as  there 
are  fluid  streams  in  the  configuration. 


= Number  of  sets  of  points  (up  to  50)  to  describe 
any  nonaxisymmetric  area  lumps  existing  within  eacn 
(up  to  5)  fluid  stream,  taken  in  sequence,. 

Input  format  2X,  12 


i 


If  there  are  no  nonaxisymmetric  area  limps  within 
the  fluid  stream,  bypass  IB48. 


XA  = Axial  coordinate  for  a nonaxisymetric  area  lump, 

(in.) 

AREAM  = Corresponding  amount  of  cross-sectional  area  within 
the  fluid  stream  that  a nonaxisymmetric  area  lump 
takes  up  at  location  XA.  Input  XA  and  AREAM  for  the 
number  of  points,  1A,  entered  in  1B47.  Each  card 
holds  4 sets  of  data. 

Input  format  8F10.5 


If  no  conduction  paths 
go  to  IB53. 


= Surface  node  involved  in  conduction. 

= Surface  node  or  special  fluid  node  which  completes 
the  conduction  path  from  N0DE1. 

= The  overall  heat  transfer  coefficient  between  N0DF1 
and  N0DE2.  (BTU/hr , °F) 

Input  format  2X,  212,  4X,  F10.5 


Repeat  IB50  for  the  number  of  conduction  paths 
entered  in  IB49. 


= Number  of  special  fluid  nodes (up  to  79-N  (1B3)) 
i.iput  format  ZX,  12 


If  no  special  fluid  nodes,  go  to  TB53. 


Special  fluid  node  number. 

Temperature  of  special  fluid  node  number  N0DE1  (Deg.  R) 
Input  format  2X,  12,  6X,  F10.5 
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IB57 


c 


■If 


A1 


< 

BAND1  = Wavelength  of  lowest  end  of  IR 

spectrum  to  be  considered  for  this 
aircraft,  but  greater  than  1.0  micron. 


BAND  2 = Wavelength  of  highest  end  of  IR 

spectrum  to  be  considered  for  this 
aircraft,  but  less  than  14.0  micron. 

See  also  note  comment  for  WL  in  IB56. 


NOTE:  Specific  IR  detection  bands  will  be  selected 

below  in  IDS2. 


input  format  2fiU.b 


1 


me  - 


j 

4 

1 


1 


1 


d'.'A  - 


IDS  2 Input  for  Case  Definition 


This  input  data  set  consists  of  input-output  control  code,  program 
path  control  code,  and  case  defining  parameters.  The  compilation  of 
these  quantities  constitutes  the  input  data  package  referred  to  as 
CASE.  Because  of  the  beneficial  interaction  with  existing  values 
in  the  computer  registers,  the  namelist  format  has  been  selected  as 
the  input  mode.  Quantities  omitted  in  the  namelist  do  not  disturb 
values  already  in  storage. 

In  the  order  shown  for  namelist  CASE  in  program  INPUT  program 
listing,  the  input  quantities  are  as  follows: 


ABB  - Effective  black  body  area  of  the  nozzle  exit  in 

square  centimeters. 

AL  - Effective  axial  length  of  the  plume  in  feet. 

DATINT  presets  AL  to  1000  ft  and  AL  is  subsequently 
calculated  in  PLMDM.  Except  in  very  special 
cases,  AL  should  be  omitted  here. 

ALTOBS(i)  - Up  to  5 observing  sensor  altitudes  in  feet. 

ALTP1M  - Altitude  of  target  in  feet. 


Ami*  - upper  frequency  of  desired  spectral  band  in  micro- 

meters (microns,  uM) . This  value  must  be  within 
the  range  of  .9  through  200.  yM.  Quit  if  IFILTER 
is  designated  greater  than  zero. 


AMI  - Lower  frequency  of  desired  spectral  band  in  micro- 

meters. This  value  must  also  be  within  the  range 
of  .9  through  200.  yM.  Quit  if  IFILTER  is  designated 
greater  than  zero. 


ASPDEG  - Aspect  angle  in  degrees.  This  is  the  semivertex  cone 
angle  between  the  line  of  view  and  the  aftward  plume 
centerline.  The  plume  centerline  is  assumed  within 
the  program  to  coincide  with  the  line  of  flight. 

DDS  - Number  of  segments  which  represent  the  observed 

ray  of  radiated  energy.  DATINT  presets  DDS  to  16. 
This  value  is  adequate  for  most  applications  and, 
therefore,  DDS  should  normally  be  omitted. 


(NOTE:  Qnit  ABB,  ASPDEG,  and  TBB  if  IHOT  (I1)S1)  = 0) . 
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EAREA(i) 

ETEMP(i) 

IFILTER 


IL 


IRADCK 


ISPAT 


- Up  to  20  external  effective  black  body  radiating 
areas  such  as  external  hot  engine  surfaces,  other 
hot  surfaces  on  the  target  aircraft,  etc.  Like 
ABB,  this  area  must  be  provided  in  square 
centimeters.  Provide  also,  ETEMP  and  NEXT. 

- Up  to  20  external  radiating  area's  temperatures 
in  degrees  Kelvin. 

- Filter  input  control  integer.  DATINT  presets 
IFILTER  to  zero.  Five  filter  band  characteristics 
are  preloaded  in  program  FILTER.  If  it  is  desired 
to  invoke  one  of  these  filters , so  designate  by 
setting  IFILTER  = n (l_<n  _<  5)  in  namelist  CASE. 

If  another  filter  is  desired,  designate  IFILTER 
=-l  and  prepare  its  characteristics  for 
namelist  FILT  (See  Figure  1 and  IDS  4) . Ensure  that 
the  band  AMI  to  AMP  defines  the  filter  if  IFILTER  <0  . 

- Intermediate  calculation  output  control  integer 
preset  in  DATINT  to  -1  for  normal  program  operation. 
This  special  output  call  prints  the  geometry, 
spectra,  and  spectral  integration  of  each  ray  in 
PLUSIG  as  they  are  calculated.  Hi  is  output  call 
consumes  a lot  of  paper  and,  therefore,  should 
normally  be  omitted.  Although  IL  should  be  omitted 
for  normal  program  execution,  it  must  be  reset 

to  -l  for  repeated  IRADCK  / 0 analyses  per  program 
execution. 

- Program  control  integer.  DATINT  presets  IRADCK  to 
zero  for  normal  cases  and  plumes.  Special  analyses 
may  require  the  IR  signature  of  simple  hot  targets 
attenuated  through  the  atmosphere.  For  such  cases, 
simply  designate  IRADCK  •-  2 and  provide  EAREA,  ETTMP , 
NEXT,  etc.  Other  special  analyses  require  the  IR 
signature  of  gas  emissions  attenuated  through  the 
atmosphere.  For  these  cases,  designate  IRADCK  = 1 
and  provide  input  as  required  in  IDS  3.  For  normal 
program  operation,  omit  IRADCK, 


- A spatial  output  control  integer  which  has  been 
preset  to  zero  in  DATINT  for  normal  program  operation. 
Designate  ISPAT- 0 to  write  spatial  plume  radiance 
on  a scratch  tape.  Designate  ISPAT  -•!  for  listing 
output,  or  ISPAT  = 2 for  listing  and  punch  card  output 
of  spatial  plume  radiance  data.  Wien  ISPAT  t 0, 

NKXIT  and  N ANGST'S  are  each  set  to  7.  The  punch 
card  output  is  suitable  for  plotting.  Sec  Appendix  A 
for  Cal  comp  plot  example. 
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ITAU  - A second  spectral  output  control  integer  which  has 

been  preset  to  -1  in  DATINT  for  normal  program 
operation.  When  ITAU  is  designated  greater  than  or 
equal  to  zero,  the  spectral  radiance  of  the  entire 
ray  is  printed  in  ALPLUM.  ITAU  should  be  omitted 
for  normal  operation. 

ITYPE  - A spectral  line  lapping  parameter  control  integer 
preset  to  1 in  DATINT  lor  normal  program  operation. 
ITYPE  selects  the  line  lapping  function  in  sub- 
routine TAUCAL.  Except  for  very  special  spectro- 
scopic analyses,  ITYPE  should  be  omitted. 

KDATA  - Program  output  control  integer  preset  to  1 in  DAT INI' 
for  minimum  output  operation.  KDATA  is  a five  digit 
integer  represented  by  KDATA  = ABODE.  KDATA  is 
decoded  in  program  PLMDM  and  the  designator  A is 
utilized  in  program  ASDIR  2.  The  KDATA  code  break- 
down is  as  follows: 

A is  redefined  I READ: 

**  0,  the  plume  will  be  computed. 


= 1,  the  plume  gas  data  array  will  be  read  from  j 

a data  tape  8. 

e 2,  the  plume  gas  data  array  will  be  read  from 
input  (cards  punched  in  a previous  program 
execution,  see  IDS  6) . 


B is  redefined  IFILE: 


= 0,  bypass  file  function. 


= 1,  record  plume  gas  data  array  on  data  tape  8. 


C is  redefined  IPNCH: 


■ 0,  bypass  punch  function. 

= 1,  punch  plume  gas  data  array  on  input/output 
cards . 


D is  redefined  IPRNT: 

= 0,  bypass  print  function. 

= 1,  print  plume  gas  d - array  on  output  line 
printer. 
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KDATA 

(Cont'd) 

NA 

NANGSEG 

NAIM) 

NEXIT 

NEXT 

NFLW 


E is  redefined  I PLOT; 

* 0,  plot  plume  static  temperature,  C02  concen- 
tration, H2Q  concentration,  and  velocity 
on  the  line  printer. 

-1,  bypass  line  printer  plots. 

=2,  plot  static  temperature. 

=3,  plot  C02  concentration. 

=4,  plot  H20  concentration. 

=5,  plot  velocity. 


- Atmospheric  ray  segmentation  control  integer  preset 
to  S in  DATINT  for  normal  program  operation.  This 
value  is  normally  adequate  and,  therefore,  can  be 
omitted. 

- Ray  angular  segmentation  control  integer  preset 
to  3 in  DATINT  for  normal  program  operation.  For 
finer  spatial  analyses  of  plume  structure, 

NANGSEG  = 7 is  suggested.  Usually,  NANGSEG  = 3 is 
adequate  and  NANGSEG  may  be  omitted. 

- Atmospheric  relative  humidity  control  integer  preset 
to  2 in  DATINT  for  normal  program  operation.  Input 
NATMO  = 1 for  low  humidity  or  = 3 for  high  humidity. 
The  atmosphere  model  excludes  particulates,  aerosols, 
and  abnormal  gas  content.  For  normal  (mid  range) 
humidity,  NATMO  may  be  omitted. 

- Ray  height  segmentation  control  integer  preset  to  5 
in  DATINT  for  noimal  program  operation.  For  finer 
spatial  analyses  of  plume  structure,  NEXIT  = 7 

is  suggested.  Usually,  NEXIT  = 5 is  adequate  and 
NEXIT  may  be  omitted. 

- Number  of  external  radiating  areas  designator 
integer  preset  to  zero  in  DATINT  for  normal  program 
operation. 

- Program  control  integer  preset  to  zero  in  DATINT 
for  normal  program  operation.  NFLW  should  be 
omitted . 


4» 


NP 


NRANG 


MJINC 


Number  of  external  nozzle  plug  coordinates  integer 
preset  to  zero  in  DATINT,  If  the  nozzle  of  the 
subject  engine  has  an  external  plug,  designate 
NP  = 2 and  provide  values  for  XP  and  RP.  If  no 
external  plug,  omit  NP,  XP,  and  RP. 

Number  of  slant  ranges  integer  preset  to  1 in 
DAUNT.  If  different  than  1,  designate  the  number 
of  ranges  to  be  analyzed  (maximum  of  5) . 

Spectral  wave  number  stepping  size  (real)  preset 
to  50.  in  DATINT  for  rapid  program,  operation.  Finer 
steps  are  available  within  the  program  as  follows: 


NUINC  = 

n 

0 


(wave  no.) 

band  (wave  no.) 

n 

SO  - 11000 

25 

50  - 2000 

10 

2000  - 2400 

25 

2400  - 3080 

10 

3080  - 3770 

25 

3770  - 11000  ) 

r 


RANGE (i) 


RAYPNT 


: ti 


TBB 


Values  of  25. , 10. , or  zero  are  suggested  as 
spectroscopically  reasonable  values  of  n.  Small 
values,  such  as  L,  will  use  a lot  of  computer  time. 

Up  to  5 slant  ranges,  from  the  observing  sensor 
to  the  target  aircraft,  in  feet  preset  to  zero  in 
DATINT.  The  zero  range  is  equivalent  to  no  atmos- 
pheric attenuation. 

Intermediate  calculate  . output  control  preset  in 
DATINT  to  zero  for  no:,  al  program  operation.  Similarly 
to  IL,  this  special  output  call  prints  ray  geometry 
and  average  properties  in  PLURAY  as  they  are  calculated. 
This  call  also  uses  a lot  of  paper  and,  therefore, 
should  normally  be  omitted. 

Background  black  body  radiating  temperature  in 
degrees  Kelvin  preset  to  zero  in  DATINT. 

Effective  black  body  temperature  of  the  nozzle  exit 
in  degrees  Kelvin. 


9* 
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Logical  prograjn  stop  command  preset  to  TERM  = .FALSE, 
immediate  prior  to  read  namelist  CASE  in  program  JNrUT. 

After  completion  of  desired  program  execution,  provide  a 
TERM  = .TRUE,  namelist  CASE  input. 

Spectral  integation  initiator  index  integer  preset  to  zero 
in  DATINT.  Once  the  spectral  integration  structure  lias  been 
organized  in  PLUSIG,  NUI-'RST  is  reset  to  1 for  the  remainder 
of  the  program  execution. 


A program  and  input  cycle  control  integer  preset  to  zero 
in  Input.  IQECK  is  incremented  for  each  executive  cycle  of 
ASDIR-II . Mien  1U0T  = 0,  ASPDEG,  ABB,  and  TBB  must  be  pro- 
vided in  every  CASE  input  when  a value  change  is  desired. 

IQ1ECK=  -2  must  be  used  to  request  the  output  listing  of  the 
$CASE  ...  $ namelist  input. 

When  lUOTjfcO,  ICHECK  sequentially  selects  the  next  aspect 
angle  (ASPDEG]  data  to  be  processed.  When  ASPDEG  data  is 
exhausted,  program  operation  will  terminate.  The  selection 
nrnr/*Qc  non  Hr*  ropvStcd  if  in  the  (CT  nny)  CAST,  input , 

ICHECK  is  reset.  A simple  change  of  IR  band  can  be  made  by 
giving  ICHECK  =0  and  new  values  for  AMI,  and  AMI7.  Changes 
can  include  new  values  for  DDS,  EAREA,  ETEMP,  IL,  IRADCK, 

ISPAT,  ITAM,  I TYPE,  KDATA,  NA,  NANGSEG,  NATO,  NEXIT,  NEXT, 

NRANG,  RAYPNT,  and  TBACK . New  values  for  ALTQBS,  and  RANGE 
can  be  included  in  any  CASE  input,  Examples  are  given  in  the 
appendices . 

The  radius  in  inches  of  the  primary  nozzle. 

The  radius  in  inches  of  the  turbine  exit  stage. 

The  axial  nozzle  length  in  inches  from  the  turbine  exit  plane 
to  the  nozzle  exit  plane. 

The  radius  in  inches  of  tiie  secondary  nozzle  at  the  nozzle 
exit  plane.  If  the  subject  engine  has  no  secondary  nozzle, 
designate  RSN  = 0 or  ItSN  = RPN. 

The  external  length  in  inches  of  the  nozzle  plug.  If  the  subject 
engine  has  no  plug,  omit  XP  since  it  has  been  preset  to  zero  in 
DATINT.  If  the  subject  engine  has  an  external  plug,  designate 
also  RP  and  NP  = 2. 

The  radius  in  inches  of  the  external  nozzle  plug  in  the  plane  of 
the  nozzle  exit. 


IDS  3 SPECIAL  GAS  CHEMISTRY  INPUT 


This  input  data  set  consists  of  gas  temperature  and  species  partial 
pressure  combinations  for  the  special  calculation  of  energy  radiated  from 
a simple  gas  target.  A control  value  is  required  in  namelist  CASE  (IDS2) 
for  IRADCK  (IRADCK  = 1) . 

In  the  order  shown  for  nnjnclist  STONE  in  subroutine  PLURAY  program 
listing,  the  input  quantities  arc  as  follows: 

Pl(i)  - Partial  pressure  in  atmospheres  of  the  H20  species 
in  the  target  gas.  The  array  will  accept  from  1 
to  SO  values. 

P2(i)  - Partial  pressure  in  atmospheres  of  the  C02  species 

in  the  target  gas.  The  array  will  accept  from  1 to 
50  values. 

P3(i)  - Partial  pressure  in  atmospheres  of  the  diluent  in 

the  target  gas.  The  array  will  accept  from  1 to 
50  values. 


XT(i) 


- Temperature  in  degrees  Kelvin  of  the  target  gas 
mixture.  The  array  will  accept  from  1 to  50  values. 


IDS  4 FILTER  DEFINITION 


This  input  data  set  provides  the  opportunity  to  designate  one  of 
the  five  filter  characteristics  preloaded  in  program  FILTER  or  to  input 
specific  characteristics  of  some  other  filter.  A control  value  is 
required  in  namelist  CASE  (IDS  2)  for  I FILTER. 

For  the  selection  of  a preloadcd  filter,  designate  I FILTER  = n where 
n is  the  filter  selected  1 through  5.  Having  designated  1FILTER  ? 0,  the 
AMI  and  AMF  quantities  of  IDS  1 are  redefined  to  suit  the  designated  filter 
hand.  These  bands  are  shown  in  the  program  listing  in  data  statements  for 
AB  to  AC  in  program  INPUT  mid  for  AST  to  AFN  in  program  FILTER.  The  five 
filter  transmission  coefficient  sets  are  shorn  in  data  statements  in  program 
FILTER. 

For  the  election  to  provide  specific  filter  transmission  coefficients, 
designate  1 FILTER  = -1.  In  this  analysis,  AMI  and  AMI3  define  the  filter 
band  within  a 5 uM  limit. 

In  the  order  shown  for  namelist  FILT  in  program  FILTER,  the  input 
quantities  arc  as  follows: 

ASTART  - The  lower  wavelength  of  the  filter  band  characteristics 
in  micrometers.  The  value  of  ASTART  must  agree  with 
the  value  of  AMI  entered  in  IDS  2. 

FR(i)  - Up  to  100  specific  filter  transmission  coefficients 
which  describe  the  filter  over  the  band  AMI  to  AMF. 

The  tran sin 1 ssioi.  x-ffiHents  must  describe  the  filter 
at  .05  uM  intervals. 
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IDS  5 Engine  Operation  Definition 


This  input  data  set  provides  several  modes  which  ultimately  define 
the  plume  gas  data  at  the  nozzle  exit  plane.  The  use  of  two  separate 
namelist  input  modes  is  available  for  providing  the  plume  input 
data.  The  first,  namelist  PLUMIN,  will  accept  plume  description  data 
directly  and  will  be  discussed  first.  The  second,  namelist  POWER, 
will  accept  engine  operating  parameters  from  which  the  plume  gas  data 
at  the  nozzle  exit  plane  can  be  calculated.  A feature  of  the  engine 
operation  calculation  is  the  calculation  of  flight  conditions  in 
accordance  with  the  Military  Standard  210  day  type  based  on  the  ICAO 
1962  Standard  Atmosphere.  A second  feature  is  the  simple  combustion 
chemistry  calculation  to  provide  the  C02  and  H20  species  concentrations 
for  an  N-Tane  fuel  for  those  input  situations  when  C02  is  not  provided 
in  namelist  PLUMIN. 

Namelist  PLUMIN  is  devoted  exclusively  to  the  definition  of  the 
plume  by  specifying  the  gas  flow  parameters  at  the  nozzle  exit  plane. 

If  the  ambient  properites  are  known  for  the  subject  flight  condition 
of  the  target  aircraft,  as  well  as  the  nozzle  exit  gas  properties,  then 
t‘ic  plume  calculations  are  completely  defined  by  namelist  PLUMIN. 

Three  parameters  of  PLUMIN  (PA,  U8,  and  XC02)  are  utilized  to  key  the 
program  function.  If  XC02  is  omitted,  the  subroutine  CHEM  will  be 
called  to  compute  XC02  and  XH20  as  a function  of  EQR  and  TANE. 

If  U8,  the  primary  nozzle  exit  velocity  is  omitted,  the  engine 
operation  input  namelist  POWER  will  be  read  and  the  engine  will  be 
considered  to  be  operating  at  the  provided  values  of  PA,  UA,  and  TA  in 
air.  This  input  mode  is  appropriate  for  analyzing  engines  for  test  cell 
operations.  For  such  an  application,  FLTM  can  be  omitted  in  POWER  making 
use  of  UA  or  UA  can  be  overwritten  by  designating  FLTM  in  POWER  depending 
on  the  availability  of  test  cell  data. 

If  in  addition  to  the  omission  of  U8,  PA  is  also  omitted,  the  quantity 
ALTPLM  (IDS  2)  will  be  utilized  in  subroutine  THRUST  to  calculate  the 
MIL  STD  210,  hot,  standard,  or  cold  atmospheric  conditions  as  well  as  cal- 
culating the  engine  operation  after  reading  namelist  POWER . 


In  the  order  shown  for  namelist  PLUMIN  in  program  FLINP  (or  PLUME) 
in  the  program  listing,  the  input  quantities  are  as  follows: 


RPN 

- Repeated  from 

RSN 

- Repeated  from 

XR 

- Repeated  from 

RP 

- Repeated  from 

KDATA 

- Repeated  from 

IDS  2 and  should  be  omitted. 
IDS  7 and  should  be  omitted. 
IDS  2 and  should  be  omitted. 
IDS  2 and  should  be  omitted. 
IDS  2 and  sh.  M be  omitted. 
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TANK  - Effective  link  number  of  simple  fuel  chain  molecules. 

Hie  fuel  assumed  is  represented  by  an  HCH  chain 
molecule  with  atomic  hydrogen  ends: 


H H H 

I I I 

H-C-C-...-C-H 

i I I 

H H H 

I.e.,  CnH2n+2  with  n links.  A light  ker 'sene  such 

as  JP-4  is  represented  by  n =*  9.0.  TANE  is  preset 
to  9.0  in  program  FLINP. 


EQR  - The  effective  stoichiometric  equivalence  rat  o 

preset  to  0.25  in  FLINP.  This  input  is  utilized 
only  if  U8  is  provided  and  XCG2  is  omitted. 

XC02(i)  - The  mole  fraction  concentration  of  carbon  dioxide  in 

the  primary  nozzle  exhaust.  If  XC02  is  to  be  provided 
here,  designate  XC02  = 11  * .n  where  .n  represents 
the  mole  fraction.  If  desired,  and  the  data  is  known, 
the  eleven  required  values  can  be  entered  individually 
to  reflect  a known  distribution.  The  eleven  values 

ronvncpnt  tpn  » o 1 £"  Z'C*Tn.  C CH * £*T  1 i.7!** 

(or  plug)  to  the  edge  of  the  primary  nozzle.  (See  text). 

XH20(i)  - The  mole  fraction  concentration  of  water  vapor  in 

the  primary  nozzle  exhaust.  Entry  of  H20  data  is 
similar  to  entry  of  C02  data  and  is  required  if  XC02 
data  is  provided. 

XC02A  - The  mole  fraction  cot  centration  of  carbon  dioxide 

in  the  ambient  atmosphere,  preset  to  .00033  in  FLINP. 

XH20A  - Hie  mole  fraction  concentration  of  water  vapor 
(humidity)  in  the  ambient  atmosphere,  preset  to 
.00033  in  FLINP. 


U8(i)  - The  exhaust  nozzle  gas  velocity  in  feet  per  second 

relative  to  the  nozzle.  If  a flat  velocity  profile 
across  the  nozzle  exit  is  to  be  entered,  designate 
U8(l)  = 11  * n,  m where  n is  primary  nozzle  exit 
velocity  and  m is  the  secondary  flow  exit  velocit>. 
If  actual  profile  data  is  to  be  entered,  provide  the 
individual  profile  values  in  radial  increments  of 
(RPN-KP)/10.  to  fill  out  the  primary  and  secondary 
nozzles.  If  U8  is  to  be  calculated,  omit  U8,  and 
a flat  profile  will  be  assumed. 
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T8T(i)  - The  exhaust  nozzle  total  temperature  in  degrees 

Rankine.  Data  input  is  similar  to  the  input  of  U8, 
and  is  required  if  U8  is  provided. 

P8  - The  primary  nozzle  exit  static  pressure  in  atmos- 

pheres preset  to  zero  in  DATINT.  The  pressure  is 
considered  constant  over  the  exit  of  the  nozzle. 

PQ  - Hie  secondary  nozzle  static  pressure  in  atmospheres, 

preset  to  P8  (i.e.,  zero)  in  FLINP,  and  is  constant 
over  the  exit  of  the  secondary  nozzle, 

UA  - Flight  velocity  in  feet  per  second,  Must  be  input 

here  if  U8  is  entered.  (See  text) . 

TA  - Ambient  temperature  in  degrees  Rankine.  Mist  be 

input  here  if  U8  and  PA  are  entered.  (See  text) . 

PA  - Ambient  pressure  in  atmospheres.  If  the  ambient 

pressure,  temperature,  and  velocity  are  to  be 
calculated,  omit  PA.  (See  text  and  notes  in 
program  PLINP  listing) . 

Namelist  POWER  is  devoted  to  the  definition  of  the  engine  operation 
from  which  the  plume  may  ultimately  be  defined.  The  input  data  consists 
of  ambient  atmosphere,  flight  condition,  and  engine  operating  parameter. 

The  engine  operating  parameters  can  be  provided  in  either  absolute  or 
normalized  form. 

As  discussed  above,  the  ambient  conditions  are  calculated  by  the 
use  of  a standard  atmosphere  model  on  a function  of  altitude,  and  a 
meteorological  code,  METEC.  The  flight  and  engine  ram  parameters  are 
derived  from  the  ambient  conditions  and  the  flight  Mach  number,  FLTM. 

In  the  order  shown  for  namelist  POWER  in  program  THRUST  program 
listing,  the  input  quantities  are  as  follows: 

METEC  - Meteorological  code  integer  preset  to  zero  in 
THRUST.  The  zero  value  represents  an  ICAO  1962 
standard  day.  A Mil  Std  210  cold  day  is  represented 
by  designating,  METEC  = -1,  and  a hot  day  is  represented 
by,  M C = +1. 

NORM  - An  engine  data  normalization  code  integer.  If  the 

engine  data  is  in  absolute  form,  it  is  not  normalized 
so  designate  NORM  - 0.  NORM  is  preset  to  1 in 
THRUST  because  the  engine  data  default  case  is 
normalized.  (Qiiis-siun  of  NORM  is  not 


% 


> 


4 


1 


JET 


FLTM 

TSFCC 


RREC 


recommended  since  it  is  difficult  to  distinguish 
prepared  data  cards  in  its  absence.) 

- Number  of  co-annular  jets  integer  preset  to  1 in 
THRUST.  If  a mixed  exhaust  fanjet  engine  is  being 
analyzed,  designate  JET  = 1.  Designate  JET  = 2 only 
when  the  secondary  fan  exhaust  is  separate  but 
coplanar  with  the  primary  exhaust.  A non-coplanar 
fanjet  engine  can  be  synthesized  by  expanding  the 
secondary  to  ambient  pressure  and  considering  it  to 
be  coplanar  which  requires  some  pre- input  manual 
calculation  of  a ficticious  secondary  nozzle. 

- Flight  Mach  number.  This  value  will  overwrite 
previously  entered  values  of  velocity. 

- Corrected  thrust  specific  fuel  consumption  in  pounds 
of  fuel  per  pound  thrust  per  hour  (Wp/T)  if  NORM  = 0; 

or  Wf/(T*  if  NORM  = 1 where  = TT2/518  6S8 

and  TT2  is  the  flight  ram  temperature  in  degrees  Rankine. 

- Inlet  ram  recovery  factor  in  decimal  form  of  the 
ratio  of  the  engine  face  total  pressure  Lu  flight 
ram  pressure. 


FN  - Engine  output  thrust  (T)  in  pounds  if  NORM  - 0;  or 

(T/6T2)  if  NORM  = 1 where  6F2  = PF2/14.696  and  PT2 

is  engine  face  total  pressure  in  pounds  per  square 
inch. 

FNRT  - Engine  rated  thrust  (RT)  at  the  1001  or  intermediate 

power  lever  setting  in  pounds  if  NORM  = 0;  or 
(RT/ST2)  if  NORM  =1. 

EPR  - Engine  pressure  ratio  as  the  ratio  of  the 

nozzle  exit  total  pressure  to  the  engine  face  total 
pressure.  If  NORM  = b,  EPR  =•  P^y  in  psia. 

FPR  - Secondary  pressure  ratio  (P,p2  ^/P^)  as  the  ratio  of 

the  secondary  nozzle  exit  total  pressure  to  the 
engine  face  total  pressure.  If  NORM  = 0,  FPR  = PT2  5 
in  psia. 
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IDS  6 INPUT  OF  PREVIOUSLY  COMPUTED  PLUME 


This  input  data  set  provides  an  input  mode  whereby  a previously 
computed  plume  can  be  reinserted  into  the  program  for  further,  different, 
or  repeated  analysis.  A control  value  is  required  in  namelist  CASE  for 
KDATA:  i.e.,  KDATA  = 2XXXX.  When  KDATA  is  greater  than  20000,  the  entire 
plume  gas  data  array  will  be  read  by  the  program  from  input  cards  in 
program  PLMDM. 


Inasmuch  as  the  input  cards  for  this  input  data  set  should  have  been 
produced  by  the  program  in  a previous  operation,  no  attempt  should  be 
made  to  prepare  these  7544  input  quantities  manually.  The  following  is 
a brief  summary  of  the  contents  of  the  plume  gas  data  array  (PLMGD) : 


PLMGD  (1]  = DEIAM 

(2)  = TUEAM 

(3)  = METEC+2 

(4)  - TA 

(5)  = ALTPLM 

(7)  = PNRT 

(8)  = JET 

(9)  = WP 

(10)  = WS 

(11)  = WF 

(12)  = FARW 


6 AMD  - PAMB/14.696 
0AMB  = TA/518. 688 
Meteorological  code 
Degrees  Rankine 
IR  target  altitude 
I normal  rated  thrust 
Number  of  co-annular  jets 
Primary  gas  flow  rate  (lb/scc) 
Secondary  air  flow  rate  (lb/sec) 
Fuel  flow  rate  (Ib/hour) 

Overall  fuel  to  air  ratio 


TTPN 

TTS;V 

WAPAC 

VJASAC 


' Szz Lffmn0int0ial  temPer3turo  tn  tl* 

(Tr7/oT2S  jf  S«  5?S  Ea"kine  if  »'«  ' »“  or 

norrle  [rn's/s'')' “ tho  secondar7 


- The  primary  nozzle 
second  if  NORM  = 0; 


gas  flow  rate  (m>)  in  pounds  per 
or  0«J  */®^/<5T2)  if  NORM  = 1. 


The  secondary  nozzle 
Per  second  if  norm  = 
NORM  = l. 


gas  flow  rate  (JVS)  in  pounds 
0;  or  CWS  */aP2/6T2)  if 


,m£- 

■cP 
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PLMGD  (13)  = FNPR 

Primary  nozzle  total  to  static  pressure 

(Cont’d) 

ratio  at  the  nozzle  exit. 

'■  - 

(14).=  SNPR 

Secondary  nozzle  total  to  static  pressure 

— 2f  ■ 

ratio  aft  the  nozzle  exit. 

IMHfc. 

(15)  = PTP 

Primary  nozzle  exit  total  pressure  (PT7) 

in  psia. 

(16)  = PTS 

Secondary  nozzle  exit  total  pressure 

(PT  2.5)  in  psia. 

fc® 

(17)  = TTP 

Primary  nozzle  exit  total  temperature 

(TT7)  in  degrees  Rankine. 

— 

(18)  = ITS 

Secondary  nozzle  exit  total  temperature 

a 

(Tl’  2.5)  in  degrees  Rankine. 

(19)  = FN 

Engine  nozzle  force  or  thrust  in  pounds. 

(20)  = PNMACH 

Primary  nozzle  exit  Mach  number. 

— 

(21)  = SNMACII 

Secondary  nozzle  exit  Mach  number . 

1 

(22)  = PNVEL 

Primary  nozzle  exit  velocity  in  feet  per 

fHl 

second • 

(23)  = SNVEL 

Secondary  nozzle  exit  velocity  in  feet 

per  second. 

(24)  = P8 

Primary  nozzle  exit  static  pressure  in 

IT 

atmospheres. 

(25)  = PQ 

Secondary  nozzle  exit  statis  pressure  in 

i 

atmospheres. 

... 

& 

tl 

vO 

CM 

Primary  nozzle  gas  constant  in  feet  per 

ii 

1 

degree  Rankine. 

.■K 

(27)  = RS 

Secondary  nozzle  and  ambient  gas  constant 

in  feet  per  degree  Rankine. 

(28)  = 

A primary  nozzle  gas  parameter. 

(29)  = 

A secondary  nozzle  gas  parameter. 

(31)  = XEN(l) 

A primary  nozzle  interior  station  in 

„ 

negative  Inches  measured  from  the  nozzle 

exit  plane. 
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PLMGD  (32)  = REN(l) 
(Cont'd) 

(33)  = XEN(3) 

(34)  = REN (3) 

(35)  = NEN 

(42)  = RF 

(43)  = XF 

(44)  “ RPN 
(45  - 94) 

(95  - 144) 

(145-7644) 


A primary  nozzle  interior  radius  in  inches 
at  station  PLMGD  (31). 

The  primary  nozzle  exit  station  of  the 
secondary  nozzle  exit  plane  fixed  at  zero. 

The  secondary  nozzle  exit  radius  in  inches 
preset  to  primary  nozzle  exit  radius  in 
DATINT. 

Number  of  primary  nozzle  coordinates  in 
PLMGD  array. 

Nozzle  plug  radius  in  inches  at  nozzle 
exit  plane,  preset  to  zero  in  DATINT. 

Nozzle  plug  external  length  in  inches  from 
the  nozzle  exit  plane  preset  to  zero  in 
DATINT. 

Primary  nozzle  radius  in  inches. 

A table  of  plume  stations  in  feet  from 
nozzle  exit  plane. 

A table  of  number  of  plume  radii  at  earb 
plume  station  in  integers. 

The  plume  gas  data  table  containing  the 
plume  radius  ordinate  in  feet,  the  plume 
velocity  in  feet  per  second,  the  plume 
pressure  in  atmospheres,  the  plume  temperatur 
in  degrees  Rankine,  carbon  dioxide  concen- 
tration in  mole  fraction,  and  water  vapor 
concentration  in  mole  fraction. 
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APPENDIX  A 


ORIENTATION  AND  DEFAULT  SAMPLE 


ASDIR-II  geometric  orientation  and  a program  default,  sample  are  pre- 
sented in  this  appendix.  Three  example  or  demonstration  IR  signatures 
are  developed  in  the  following  appendices.  All  Samples  and  demonstrations 
therein  presented  are  purely  generic  in  that  all  dimensions  and  engine 
performance  data  were  arbitrarily  assumed.  Consequently,  these  cases  relate 
not  to  a single  aerosystem,  but  directly  to  all  aerosystems. 


Figure  A1  shows  the  gcnei'al  scenerio  representing  the  domain  of  the 
ASDIR-II  program.  Distinctive  features  of  the  scenerio  as  interpreted  by 
the  program  are  indicated.  The  aspect  angle  of  the  observer  relative  to  the 
targetted  aerosystem,  (indicated  in  Figure  1 as  ASPDEG) , is  the  included 
angle  measured  from  the  aerosystem'. s flight  path.  This  angle,  ASPDEG,  is 
derivable  from  elevation  and  azimuth  angles  relative  to  the  aerosystem  as 
shown  in  Figure  A2  and  A3.  These  angles  are  each  derivable  from  absolute 
(relative  to  earth)  elevation  and  azimuth  angles  from  the  pitch,  yaw,  and 
roll  angles  of  the  aerosystem.  This  resolution  is  not  shown.  It  is  to  be 
noted  that  ASPDEG  and  elevation  and  azimuth  are  the  only  angular  measures 
relevant  to  the  IR  signature. 


’flic  line  joining  the  aerosystem  target  and  the  IR  observer  is  designated 
in  thn  figures  ns  P.  which  indicates  "slant"  i'ungu.  In  Eigne  A4,  the 
axis  of  the  plane  whicli  contains  both  the  R vector  and  included  angle 
ASPDEG,  the  DZ  axis,  is  the  major  axis  of  an  apparent  projection  plane.  The 
DD  axis,  othogonal  to  DZ  and  R,  is  the  lateral  axis  of  the  apparent  project- 
ion plan.  The  establishment  of  the  DZ,  DD  plane  provides  a reference  plane 
onto  which  the  nozzle  exit  area  and  plume  radiant  intensities  are  projected 
in  preparation  for  the  spatial  integration  of  the  radiated  IR  energy  into, 
an  IR  signature.  External  radiating  surface  intensities  are  taken  by 
ASDIR-II  to  be  in  the  DX,  DD  apparent  projection  plane  whose  physical  loc- 
ation, conceptionally , represents  an  image  screen  normal  to  the  R vector 
between  the  observer  and  the  target  aerosystem  at  the  "near"  edge  of  the 
target  geometry.  Distances  of  various  parts  of  the  target  to  the  apparent 
projection  plane  arc  ignored  as  is  atmospheric  absorption  of  IR  energy  along 
these  distances.  The  process  of  defining  elemental  ray  areas,  subsequent 
integration  of  radiant  energy  emission  and  absorption  in  a ray  element, 
and  the  ultimate  projection  of  elemental  ray  energy  onto  the  apparent 
projection  piano  is  depicted  in  Figure  A5,  Circular  section  area  eicincats 
(RAR)  are  defined  on  the  apparent  projection  plan  (DZ,  DD) . Intensity 
integration  along  any  ray  parallel  to  "R"  is  initiated  at  the  projection 
of  RAR  either  on  the  nozzle  exit  plane  (designated  "0"  in  Figure  A5) 
or  at  the  far  edge  of  the  target,  and  progresses  through  the  target  "P" 
to  the  apparent  projection  plane  at  "Q".  Integration  of  thv.  radiant  in- 
tensity over  all  ray's  to  the  geometric  limits  of  the  target  represents  the 
source  radiation  of  the  target  in  the  direction  of  the  ^ arver. 


For  assistance  in  the  installation  of  the  ASDIR-II  program  on  various 
computer  systems,  the  program  has  been  initialized  with  appropriate  quantities 
representing  input  data  of  a simple  plume-only  problem  for  which  the  1R 
signature  is  computed  over  a very  narrow  IR  band.  These  initialized  input 
quantities  are  referenced  as  the  default  sample  case.  The  primary  objective 
for  the  default  sample  is  the  exercise  of  ASDIR-II  in  its  new  installation. 

The  default  sample  case  is  executed  with  a "blank"  Input  Data  Deck  as 
discussed  on  page  7 on  the  report  text.  The  output  to  be  expected  is 
shown  in  Figures  A6,  A7,  and  A8.  This  output  represents  a minimum  output. 
Additional  output  for  the  default  sample  case  may  be  requested  by  including 
appropriate  control  codes  in  the  input  as  discussed  in  the  guide  text,  and 
demonstrated  in  the  following  appendices.  Figure  AG  shows  a typical  . 
output  header  consisting  of  program  output  which  describes  the  case  under 
study.  The  output  listing  of  the  input  in  Figure  A7  is  a complete  listing 
of  all  data  registers  addressed  in  inputs  utilizing  the  namelist  format. 

The  namelists  to  be  found  in  the  output  encompass  only  IDS2  and  IDS5. 

As  may  be  expected,  the  default  case  is  ultrashort,  consisting  of  a 
single  set  of  values  and  a very  narrow  (.1  ^M)  IR  band.  The  entire  IR 
signature  output  is  shown  in  Figure  A8. 
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AL 
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= 0.0, 

• 

AHF 

= ,21E«-0i, 

AMI 

= .2E+01, 

ASPDEG 

= .9E+02, 

DDS 

= .16E+02, 

EAREA 

= 0.0,  0.0, 

0.  u, 

0.0, 

0.0, 

0 . D , 0 • 0 f 

0.0,  0.0, 

3.0,  0.0, 
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.FIGURE  A7  DEFAULT  OUTPUT  LISTING  OF  NAMELIST  INPUT(cont’d) 
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■FIGURE  A7  DEFAULT  OUTPUT  LISTING  OF  NAMELIST  INPUT (cont'd) 
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APPENDIX  B 


. GENERIC  NOZZLE  1 DEMONSTRATION 

A typical  turbofan  engine-only  case  has  been  developed  for  the  purpose  of 
demonstrating  the  basic  operation  of  ASDIR-II.  Various  basic  output  modes  are 
also  demonstrated.  This  initial  demonstration  involves  only  the  IR  energy  .* 
radiated  from  the  internal  hot  parts  and  plume  of  a separate- flow,  coplanar, 
axisymnetrice  turbofan  engine  exhaust  nozzle.  The  nozzle  diagram  for  Generic 
Nozzle  I (GN-1)  is  showiy in  Figure  Bl.  This  rather  short  exhaust  system  is 
sectioned  into  two  streams  and  each  sti’eam  is  sectioned  into  several  fluid  nodes. 
The  stream  fluid  nodes  arc  defined  by  the  containing  surface  nodes  as  indicated 
in  the  figure.  The  surface  node  length  is  selected  such  that  the  geometric 
curvature  is  negligible,  the  surface  temperature  along  the  node  may  be  consid- 
ered constant  and  (or)  the  length  does  not  appreciably  exceed  about  20  inches. 
The  entrance  and  exit  nodes  are  numbered  (lust)  as  if  they  were  a surface  node 
and  are  assigned  a temperature  and  cmissivity  as  if  they  were  a solid  surface. 

Of  course  an  exit  node  appears,  in  radiance,  as  if  it  were  a cold  surface  rep- 
resented by  the  background  temperature.  Since  radiant  energy  passes  freely 
through  an  entrance  or  exit  (surface)  node,  the  assigned  cmissivity  is  unity 
(1.0)  as  if  the  physical  mechanism  were  lOO1)  absorption  or  emission,  which 
it  is.  GN-1  also  employs  the  special  fluid  nodes  representing  thermal  sinks 
(or  sources),  and  conduction  nodes  of  heat  transfer. 

Thr»  n tv_1  r irli  'mt  uw*i»j  [••ij'fnrc  nrn  cwmorn  1 f'f  I Itv 

ASDIR-II  by  use  of  the  03  code  in  IDS-1  and  the  -1  code  in  IB-7.  The  last 
card  of  the  view  factor  Input  Data  Deck  is,  appropriately,  IB -48.  A computer 
listing  of  this  Input  Data  Deck  with  instruction  steps  annotated  for  the  view 
factors  of  GN-I  is  shown  in  Figure  B2.  The  view  factor  run  also  provides  a 
suninary  of  the  internal  flow  parameters,  calculated  wall  temperatures,  etc. 
in  its  output  if  these  quantities  were  requested  in  IB-2.  The  full  output 
(print  codes  1 through  10  requested)  is  provided  in  Figure  B3.  In  addition 
to  the  printed  output,  this  program  execution  also  provides  the  punched 
(view  factor  and  area)  cards.  The  punched  deck  "header"  card  and  "end" 
card  are  removed  and  the  deck  is  inserted  into  tire  Input  Data  Deck  as  IB- 10 
and  IB-11  as  punched.  The  controls  of  IDS  1 , IB-2,  and  IB-7  are  changed, 
in  this  case,  to  01  code,  Zero's,  and  01  code  respectively.  The  remaining 
input  cards  arc  provided  (IB-49  etc.)  as  required  and  the  Input  Data  Deck 
is  ready  of  generate  the  IK  signature  of  GN-1  of  Figure  111  and  its  plume  as 
shown  in  Figure  B4.  Figure  B4  is  ai^o  annotated  along  the  left  margin  with 
instruction  steps,  ’ 

A summary  of  the  internal  hot  parts  emission  eminating  from'  the  nozzle 
is  provided  in  the  output  which  shows  equivalent  black  body  area  (ABB)  and 
temperature  (TBB)  as  a function  of  aspect  angle  (ASPDFG) . This  summary, 
shown  in  Figure  B5,  is  developed  in  ASDIR-II  by  expressing  the  peak  radiant 
energy  of  the  hot  parts  emission  in  terms  of  area  and  temperature.  Further 


along  in  the  program,  the  emission  from  the  engine  interior  is  determined 
from  these  areas  and  temperatures  by  using  the  black  body  spectra  over  the 
specific  IR  band  of  interest.  For  this  reason,  the  band  stated  in  Figure  B5 
must  exceed  the  specific  IR  band  of  interest  and  must  extend  to  a sufficiently 
long  wavelength  so  that  the  " ***  CHUCK"  notation  is  not  printed.  This 
upper  band  limit  is  controlled  by  WL  in  IB-56.  The  IR  signature  "output  header" 
shown  in  Figure  B6,  provides,  primarily,  case  description  summary  information. 
The  contrail  comment  is  preemptive  and  is  (at  reporting  time)  inoperative. 

The  input  data  of  IDS -2  and  IDS-5  are  printed  in  the  output  to  show  the 
input  data  actually  controlling  the  program.  The  output  listing  shown  in 
Figure  B-7,  are  quite  helpful  in  diagnosing  a troublesome  run  if  the  input 
data  was  actually  different  than  intended.  These  namelist  writes  occur  soon 
after  the  namelist  read  only  when  ICIIECK=-2, 

A gas  data  description  of  the  plume  is  printed  in  the  output  when  the 
second  digit  (D)  of  KDATA  is  set  to  1,  as  shown  in  Figure  B8.  A total  of  49 
stations  are  generated  and  printed,  but  only  a few  printer  pages  are  included 
in  the  figure.  When  the  first  digit  (E)  of  KDATA  is  non-unity,  selected 
quantities  of  the  plume  gas  data  arc  plotted  on  the  line  printer.  A value  of 
five  (5)  will  plot  the  velocity  values  in  the  plume  as  shown  in  Figure  B9. 

The  output  format  for  the  IR  signature  is  shown  in  Figure  BIO.  Again, 
because  of  the  many  pages  of  printer  output,  only  a few  aspect  angles  are 
s'-  twn.  It  should  be  noted  that  altitudes  and  ranges  are  printed-out  in 
1 : meters.  The  spatially  resolved  IR  emission  can  be  plotted  by  use  of  an 
; illiary  GAECOMP  program  and  plotter.  ASD1R-1J  will  produce  data  cards 

suitable  for  such  spatial  plot  by  designating  ISPAT-2.  The  resulting  plot 
w.iil  appear  as  Figure  Bll  for  a broadside  aspect  of  90  degrees.  Mien  l'SPAT 
is  specified  1 or  2,  the  spatial  data  is  printed  as  shown  in  Figure  B12. 

In  this  data  listing,  the  columns  are  headed  by  quantities  described  in 
Figure  A3  and  A4  of  appendix  A.  Intensity  values  are  listed  as  watts  per 
stcradian  per  an^  under  headings  of  rang°  and  designation  of  filter.  The 
IR  signature  is  plotted  in  polar  form  in  Figure  B1  3 in  which  is  shown  the 
effects  of  range  and  observer  altitude. 
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11 . %v»' 

. 69u 

' .103988 

. C 0 36  26 

66.65  3 

5.6f  ■: 

11.02? 

, ,’3 

.126652 

.c:?96i 

62.181 

6.CC" 

11  . 7.-,"  ' 

. 69  J 

.16782° 

.‘•"72617  , 

' 58.  768 

7.6'  1 

'll,’)! 

• 4 *Q 

. 16239° 

.002367 

56.  167 

?r  j 

1 1 . C 3 f 

. 6 3 9 

.181637 

.032170 

53.  886 

9.VC 

11.  cm 

".6  36  " 

.1 9°C  98 

.002058 

c ?. ?Qf 

1C. 6 "I 

11.2,2 

. «.3>. 

. 2162P6 

.0  020  87 

51. 6'-1- 

11. CC  ’ 

11.2’C 

.679 

.228257 

. 0 1 2231 

51.292 

12.0  CO 

■'  11 . 1 ■■  t"  ' 

7h69 

.279119 

76  0267? 

51.719 

i3.cc: 

13.933 

• 

, 269159 

.032809 

52.  836 

i6.cn 

' 10. 797 

.258879 

.003162 

56.  087 

1 5.C  D 

i . fi  Vn“  V 

«""" 

.2, 7m2~ 

.9.7  3667 

55,  16* 

le.Va 

1C.  .C73 

.5  76 

« 28r61 1. 

.0)3797 

66. 05C 

17.06J 

13.297 

. 557 

.302026 

. 0G3°1S 

56.727 

is.  on 

io.  no 

.5  37 

.321526 

, 006102 

5T» 161 

19. DC  0 

9. 968" 

. 617 

7 767907 

.006255 

57.26C 

20.  ec' 

9,796 

' .652 

.770629 

.006379 

66.  966 

21. Cl  J 

9.665 

. 693 

.63157? 

.006696 

56,263 

22. OU 

9.693 

,7h*~~ 

.43*099 

.006606 

66. 872 

23.cn 

9 « 3 6 1~ 

,016 

. LB3168 

.00672C 

52.281 

24, CCO 

9. 189 

.996 

.566976 

.006913 

62.963 

- 

— - 

' . J*  *'  *•  « 

W ,T  V . - 

# 

„ 

- - - 

naillli  B3  (IN- 

1 oumjr  ()]•  Nor.zi.i: 

INTI.UNA!.  ANAI.V 

MSfcunt  M) 

- . ,H*II 


flow  sr 

3 f 6 M NO*  ? 

FLOW  INFORMATION 

AXIAL 
ais’At'C” 
(inch:  si 

ourrR 
surt  ?is 

C c) 

JNN£  ? 
SURP  US 
( i nr  H 

PLOW 
APr  & 

static; 

ppr  sc 
(L9/SOIN) 

SiCCNr'. 
*ACH  NO 

scrr\'o. 

C TtHP 
(QcC  m.) 

SECOND. 
6- LCCITY 
(FT/s -Cl 

SFrONO, 
0- NSITY 
(LP/CUFTI 

o.oc 

1 8 . t J 

1?,  2 ri 

550. 28 

1 9 .0  6 

_ .5366.,  ... 

6t  1.3,7 

626.38 

. 0 920 

1.0  I . 

18,0 

12a2‘ 

561.27 

19.  It 

.5346 

tO 1.37 

6?S.  68 

.0900 

2.0  f 

n ... 

3 2.2’ 

55.  .2* 

19.06 

• 5366 

6C 1.37 

626.  88 

,i  . 0900 

3.  c r 

17,  96 

12,1=. 

568. *9 

19,12 

• 5.17  fi 

6fi.  3 '» 

63C.  39 

.1898 

6.CC 

ir. 

12.  C 5 

565.91 

18.  97 

. 561  r 

651.29 

533.96 

."897 

_5.f ' 

17,  8? 

_12,i  ’ 

563. 72 

18.9,7  

_ , 566 2 

601. 25.. 

637, 57_. 

. 0 895. 

6.CC 

17.7. 

11.96- 

061,53 

18.88 

.5675  _ 

tn.21 

661.  26 

• * 896 

7 . K 

17.7- 

11.9' 

PIO, 

18.86 

_ .5509 

611,17 

666,97 

.2892 

wo. 

17.5* 

. _u*  j.v. 

556  )!  _ 

_lfl,76 

« 557  9 

6C1.C  9 

6*2.6“ 

. r nag 

9.0  c 

17.  66 

l.litS 

530.65 

18,56 

.5b*- 

6C  2 .98 

661.66 

, - 586 

IP. nr 

1 7.  1L 

1 \ . ’>  L 

i m.  =,l 

r'A7?U 

AP  -i  _ a o 

t f.  « _ :n 

-BOO 

ii.oc 

17.2?  _ 

11.6? 

__  521.8  5 

.18,63 

_ .5 8M..  _ 

6C”.78 

8 77.  0 : 

."STg 

12.  c: 

...17,1" 

11.31 

517.68 

18.32 

.5881 

602.67 

585.70 

. a *75 

u. rt 

15.91 

11.13 

511.61 

1 4. 16 

.5997 

602.5? 

C°*.32 

.0  869 

16. C* 

16.77 

1C,  9’ 

515. 36 

1 . 98 

.6119 

60S .35 

711,6? 

. : 8*3 

15. PP 

16,65. 

1C.  81 

699.26 

17*79 

. 625  0 

602,16 

725, 7u 

."857 

10.  PC 

15  • 61 

12.63 

693.19 

17.59 

.(■38  9 

c99. 9S 

710.66 

. 0850 

17. CO 

16.  27 

10.  67 

6*7.11 

17.  3? 

.6578 

599. 75 

756,  57 

. C 8 62 

lS.f  r. 

..  16.1 

1C.  51 

681.06 

17.  16 

. t6^e_ 

599.51 

7 7 3 , 6 F 

. re36 

19.0  C 

15.92 

10.  16 

.672. 62 

16.  77 

.6951. 

599. 16 

a :•  t*  • 2 s 

. ' 821 

? W • C D 

15.71 

9.  99 

' 663.8  6 

16.  16 

.7238 

596.70 

3 ?o. 3: 

. : trh 

21, r c 

15.55 

655. 36 

15#  W 

.7575 

593. IB 

665,02 

* 0768 

22.0  0 

__  IS.*’ 

_ . ?. 69  _ 

666.93 

_ 15.21 

.79*8 

597.5? 

9"K,9-. 

, C 7 06 

1 

u 

d 

1 

15,1*.  .... 

_.  5,  5.6 

f»3a, 

.16, ie 

8568 

59s.ro 

n r,  ? . 6 a 

,r7V: 

2>_.  C 0 

15.0" 

9.3* 

..  41  r*? 6 

12.  27 

.9973 

5*6. 16 

1 0 0 8 . 1 H 

. 2 657 

■ r-tGURF.  B3‘-W1  OUTl’iri’  QJ;  NOSZj.R  'iWI'l-RNAL-  ANALYSIS (coni  M) 


COPT  AVAILABLE  TO  DDG  DOES  M 
PERMIT  FULLY  LEGIBLE  PROBUCTION 


-BIO- 


ftrvV  ..  Jr.  , . 

**■*  t ( ■ ' ■ ' ~V  , 


V- 


ffl'  in's! !» 


“iJ  iiii/KrP 


“Ml,V 


SiiltilSJljii l 


FIPH  STF'SH  NO.  7 HEAT  T RANSF" R INFOPROTION 
"SURFACF  'ho,  3" 


X 

ON.  i 

V 

(IN'  ) 

H4CH 

NO 

PEL 

C3H.1 

SKIN 

" FRICTION 

HT 

( BT  U/S  DpT  « 0 ' 

«.  Jr" 

12.  2C  J 

.5  3' 

1. CCI9799 

. 0 1 ft  8 6 

40,032 

1.  f ‘ : 

'12. 77  C 

.6  15 

lZ  '21922' 

~ .rr If 33 

39.931 

?.rc 

12,20  3 

♦ 3T- 

1.C34C55 

.C018S2 

39.  8*2 

i.  o 

12. 140 

.536 

1. '69769 

. 07 1A39 

39.793 

u,  cco 

lZ.(*Vo 

. m 

i.  C 62C48 

.601909 

39.  829 

5.cr  3 

12.  * 23 

• 3**«* 

1 74518 

' ' . . CO  1923 

39.862 

~6.CN 

11.%: 

5Tb“  “ 

1.037183 

~ Tf  3 1946 

39.893 

T.C.J 

11.9'-  • 

.551 

1.10 "765 

. CMn64 

79,  9?1 

i.it : 

11, 7«n 

.556 

1.1 1T5?  B 

.001989 

39.  >93 

9,  fr"0 

11.  FRO  ' 

.6  65 

1.111519 

. OC  2025 

6 0,135 

i \ or : 

11.“-*. 

.r72 

1.  1 4 6943 

• C 0 ?(  65 

40,766 

ii. r ' 

11.62! 

.6  3, 

1.  1 6 ; 6 7 D 

. CO  2094 

VJ.  5^/ 

12.  CO’ 

; i . 3 * •: 

. v 88 

l .1  76373 

."•*212* 

4". 495 

13.CS 

11.111 

.633 

1. 196109 

'.002166 

4C.6-6 

u.  cm 

13.967 

.612  ~ 

1.213671 

.03221? 

40.755 

15. "'3 

1 3 . Rr  3 

.575 

1.7370' 9 

.002767 

4". 87* 

lfi.C-  i 

10.633 

1.251411 

.or2?oi 

40.  959 

17.00  3 

13.467 

• *>*>»» 

1 ,271<>32 

.037345 

41.  00" 

1.1.  CC  1 

1C. 7"C 

.67. 

1, 2936PU 

. 0n  23  36 

4 j. 991 

19.  OCC 

10.147’ 

.695 

1. 315274 

,502444 

40. 897 

eo. poo 

~Os QQL 

, 77n 

1.  332175 

» OC  2C 1 5 

40,756 

21.0'  0 

9.  C42 

.757 

1. J521B4 

• 60  25  38 

40.  379 

22. cm 

9.689 

.’99 

1.  376660 

.002665  " 

39.627 

21. 0"C 

9.536” 

■ 355 

1.4CBBC3 

. 6 3 2750 

38.153 

76.0CO 

9 . 38  3 

.997 

1.489334 

. 0 6 2 B 72 

32.509 

* 

- 

i-iGUKi-  B3  "GN-i  oirmn- bi';  Nozzii:  r'h^NAi.'Ai^M.vsiscconi  M) 


•»>  1 


jinpi  jjpm  , . ■ 

-'"■-‘i  -*•  . — 


If 


AH  \V 

■m . M 


Ps*i 


*!^  c^mbb- 


fi 


‘ gfr 


* 


A 




- 

FLOW 

sr  < jhjio 

, ? hc;aT  = 

$U  ■?f‘ACr~  NO  • 4 

R INFOF17TION 

X 

IIK.  > 

Y 

(I*».  > 

MACH 

t:o 

pfl 

(IN.) 

SKIM 

frictiof 

HT 

(9TU/S9FT.HR.0' 

"O.'f'l  " 

la.O'-c 

. c’3j~  ' 

” 1.  ‘ 03799 

~7n»i8Ji 

40.C'32 

1 • 5 f 7 • 

■l°.Crf 

."75 

1.  '21922 

' .f  0 1883  ” 

30.931 

2.0'" 

14.030 

. 5 »5 

1.  1 34055 

.0.01882 

39.37? 

3.0'  1 

1 7 . " 

l'.  t 48296 

. O':  1890 

39. B1 6 

47  c 0 a 

17.680 

.5.1 

li  75916  3 

. r "-1910 

39.858 

5 . C ‘ j 

17.  B20 

# 

1. '701/7 

' . C C 1930  ' 

39. 906 

T.t  - 

17.76"' 

• 5 ♦ a 

“1.  .*8137  3" 

'.  OC  1"49 

39795  b 

7.C'0 

17.70  : 

.551 

1.2  9296. 2 

.001967 

39,994 

B.C'O 

17. FA" 

.554' 

1.106856 

.001499 

42.097 

s.r: 

l7, 660 

'1.117449 

" 7032032 

40,  27  C 

10.  i ■> 

l7.  34? 

#c,. 

1.12641; 

. " r 2C1 69 

48.433 

u.f 

1 7 . 22" 

.63 

1.1  3987  4 

.062135  ' 

4J.5e5 

<2.r  : 

17.10" 

."38“ 

■ 1.  15)  739“ 

.00217, 

4’. 726 

13. < .0 

16. 936 

.6  6. 

1.166396 

.00.218: 

40.831 

1 4 , z : e ' 

16.767 

.612 

1.17e516 

.002229  ' 

41.078 

15. r • 3 

i6.f.:c 

.625 

1.191417 

. T 0 2277 

41.245 

16. ;r: 

16. 433 

.6  36 

1. 20’.  . t 9 

.002325 

41,375 

i7.ro 

it. 267 

. 664 

1.2196*'' 

.0  0 7371 

41.463 

18,0' u 

16.10  0 

.‘7- 

1. 235576 

.0 : 2418 

41,49" 

n.eic 

15.917 

• f'S:* 

1 .253857 

.002475  ' 

41.419 

2 ).  tie  ' 

15.733 

.72-. 

1,26771.9 

.002549 

41.300 

21."  3 

15,550 

.757 

1. ’84596 

,002624 

40.936 

22.  cm 

15.367 

.7  99 

1 ,305666 

.CO  27 03 

40.190 

2 3 • 0 " 0 

15. 183 

1.  334319 

.0:2790 

33,73  8 

2fc. PC  1 

15.000 

. 997 

1.408892 

.002914 

32.401 

. - - FIOIRK  B3  -GN-1  OUTPUT  01;  NOZZLH  INTI.kNAI,  ANAI.YSI S(ront  «d) 

COPY  AVAILABLE  TO  DUG  DOES  NOt 
PERMIT  FULLY  LEGIBLE  PRODUCTION 


:gfi 


-B12- 


AVcRtG'-  KrAt  TRANSFER  COEFFICIENTS 
(0TU/?OFT,HR,n;r-F) 


NOPE  MO.  1 

HT  corFricirMT <>9.  354_ 

"SUfiF'C'  AF'A  70,396'  ( SOI  Ml 


MODE  NC.  2 

HT  rorFFICIrMl  67.874 
SORFAF!-  (cc(  !C5,IU  (SQINt 


NOPE  MO.  3 

ht  CO.fficIEHT  57.513 
SURFACE  ART*  7i,;  . ; 17  (SQINI 


NCOE  NO.  4 

_ht  f01Fri«'jpgT  ‘9.35* 
■'S0-;e#C*  ir"A  15, 7/95  (SO  IN)" 


NCDF  NO.  5 

HT  COEFFICIENT  69.199 
SURFACE  ART  A 446.746'  (COIN) 


NOPE  NO.  6 

HT  COEFFICIENT  ^9. 296 
SIKF’.CF  Aft  A 733,650  (SPIN) 


NOnc  KIO.  7 

HT  CCEFFJCIF NT  56.362 

SU-  f ACE  A^t'A  if  65. i,  16  (SO  INI  ' 


NCOS  NO.  S 

HT  COv Fc IC If  NT  55.171 

. SURFIC  AR'  A 1356,226  (T|)IN1 


nopf  nc.  9 

•<T  COTFICjrM  39.932 


Sil6F«ci  AR<A  lSJ.'UC-.WOnlT^  1 

' 


NOr->  NO*  l'» 

HT  COt  FrICIf/4T-  39. .956 

SURFACE  A7--A  RSs'itS/.'ISfli tit 


NODE  NC.  11 

HT  COEFFICIENT  4D.C20 
. S0  ;F1CF  APTA  7*0.231  (SQIM) 


NOOF  NO.  12 

H'  Fq-  FFICTFNT  339 

SUE  Fie;  AF'  A'  1352. *7*  (SO  INI " 


- ^g" 

- r-  -=*t 


NCOE  NO.  13 

ht  COEFFICIENT-  4C.132 
SURFACt.  AREA  13  51. 5-#3  I SO  INI 


r-T «» 


NODE  NO.  14 

HT  "O'-FFICTCNT  39,932 
SURF/,  ct  «(*  226.  1 94  I S0i  Ml' 


NOCE  NO.  IS 

ht  COEFFICIENT  39.856 
SURFACE  A^CA  (74,832  (SnINI 


'5-2 


NCDF  NO.  It 

“T  CC'FFICirNj  4C.U4 

SURTaC'  A pc  A 1112.  .'41  ( SO  IN| 


NOOF  NO.  17 

HT  rOTFFICjr  NT  4?,5r,c 
SURFACE  ARr A 16  33.666  (SOIii 


NOTE  NO.  18 

HT  roTFFICICNT  40,435 
SURFACE  APFA  21  lb. 923  (SOIN) 


i-rniRj;  r,.-,  m i output  or  no7'ut  ivrnn-M  v,,  ,-,QT, 


A-l^ 


FLUID  LUMP  TEMPERATURES 


NPOE  NO.  23 
'ER  t TUP?  --12C2.'23  DEC." 

K09?  NO.  21. 

1 _EF  t T UP  ' m 293.7  2 PEG  ._ 

KOBE  VO.  25 
'-KfTUP-«120<*.eE  TCG. 

NOPE  NO.  26 
'Ef  IT (.19?  = 1 2 p 3_.  C 3 _OE G. 

NODE  NO.  27 
,ErfTUc.-  = 1287.?3  OEG . 

NODE  NO.  23 
'"PRTIJPE^  6:1.37  OEG, 


NODE  NO.  29 

NODE  NO.  30 
iPMliPfs  6rC.P3  PEG.' 

"NO'  MO,  31 

::  P t T IJPJ  * _6 1 ” .1 6 PEG._ 

NODE  MO.  32 
■■:RATU!5t=  998.18  PEP, 


SYST1“  SURFACE  FORC  FACTORS 


NODE  NO. 

_ 1 _ 

2 

3 

4 

s_ 

6 


TOTAL  NET  SURFACE  FORCE  FACTOR 


FORCE  RACTOR  (IB.) 

1.623 
-1653.8'  T 
-2783.713  _ _ 

3.246 

923.433  _ 

1726.746 
3419.725 
3313.784- 

1.131_ 

-514.881 
-1663.369 
-3260. 343 
. -3662.797 

1.624 

7'i,77f  _____ 

2 *-96 , 8 4t 
4943,141 
6721 .341 

1C  897. 747 


FIGURE  B3  GN-1  OUTPiri'  OF  NOZZI.H  fNTF.RNAi.  ANALYSIS  (ami  M) 


1 


j w 

J-4' 


- SYSTEM  -INTERNAL  VIEW  FACTORS 


F ( 1,  11  = 

.02777 

F ( 1,  1)  = 

• - * _ 

F<  1,  2 ) = 

. 05910 

--  F ( 2,  1)  = 

• 

F!  1,  3)  = 

. 04071 

F<  3,  1)= 

1 

F ( - 1,  41  = 

. 03051 

F(  4,1)  = 

I 

-A 

F(  1,  5)  = 

.01696 

F ( 5,  1) = 

F-t-1,  fel-=— 

-.12469 

f f 1 ) *- 

' F( 

1,  7) = .19935 

F ( T 

; f< 

1,  *)=--  .04536 

- F<  - 8 

F ( 

1,  9)*  .01157 

F<  9 

— F< 

1,10)=  ,00333 

F < 1 0 

F( 

1,11)=  0.00000 

Mil 

p | 

* 1 ? 1 - 0 0 0-00 

p j 

F ( 

1,  13)=  0.00000 

F (13 

F ( 

1,14)=- D.  OOOOO - 

F ( 1 4 

F < 

1,15)=  0.00000 

FC5 

F< 

1,16)*  0.000  00 

F < 1 6 

F ( 

1,17)=  0.00000 

F ( 1 7 

F(  lTl9>  = 

-F(  1,20>= 
F<  1,211  = 
F < 1,22)  = 


(13,  1)  = 0.  J OtJ  0? 
(Ik,  1 ) = 0 . 0 0 0 C 3 
(15,  1)  = 0 . 00  0 00 
<15,  i) = o. onooo 
<17,  i>  = u.onnoD 
-4 1-8-,-! M-O.  00 OO-O- 


.42373 

F ( I", 

1>  = 

. 17397 

-0.  00000  -- • 

F < 2 0 , 

1)  = 

0. OOOOO 

.02643 

F ( 2 1 , 

1)  = 

.01390 

0 • CQOOQ - 

F ( 22  , 

1>  = 

0. OOOOO- 

226.15  SO. 


F < - 2, 

2)  = 

.06499  -— 

F<  7, 

2)  = 

.06408 

F<  2, 

3 ) = 

.05240 

F(  3, 

2)  = 

.05347 

F(  -2, 

'4>  = 

-.03994-  

F<  4, 

7)  = 

. 03528 

F<  2, 

5)  = 

.02705 

F(  5, 

2 ) = 

.02079 

-E-t_2 

. 11  ASM  A 

r / c __ 

-2)  =- 

.-311-0-9 

F<  2, 

7)  = 

.27333 

F(  7, 

2)  = 

. 40499 

F(  2, 

9)  = 

. 12333 

Ft  9, 

2 ) = 

. 11976 

F ( 2, 

9)  = 

.03073 

F(  9, 

2)  = 

. 04115 

F<  2, 

10)  = 

.00742 

- F ( 1 0 , 

2)  = 

.01110 

F<  2 1 

111* 

0. 00000 

F ( 1 1 , 

2)  = 

0.  000  00 

,-m=— o,-nuoflo- 


- 412, -2)-=-0.  JOfliO 


F< 

2,13)  = 

U. 00000 

F ( 13 , 

2)  = 

0. 05000 

--F  C 

2,14) = 

O.OCOOG 

F ( 1 4 , 

2)  * 

0.00003— 

FI 

2,151  = 

0. 00000 

F(15, 

2)  = 

9. OOOOO 

- F< 

2,16)  = 

0. 00000 

F ( 1 6, 

2 ) = 

0.  OOOOO 

F< 

2,17)  = 

0.00000 

F ( 17, 

»>  = 

0. OOOOO 

F(  2,  19)--  .24924 

F(  2,20)=- 0. 001100— 
F ( 2,21)=  .03209 

F<  2,22)=  0.00000- 
AREM  2 ) ; 


— . £4-1-0*— ?4**-0.-<000»0- 

F(19,  2) = , 25445 

— - - F ( 2 0 , 2)  = 0.00900 

F ( 2 1 , 2)  = .04190 

F ( 2 2 , 2)  =-  0 . 01  OOi- 
561.79  SQ.  IN. 


— F ( -3»-.3)  = ~ .06695- 
F(  3,  4 ) = .06043 

-JU_3,_51-=-.,  03438 
F ( 3,  8)=  ,02256 


F(  3,  5!  = 
- F-4  — 3,-  9)  = 
F(  3,10)= 
— F (—3,  11  > = 
F<  3,12)  = 


,27519 

-.11945 

.02219 

0.00000- 

0.00000 

-0*00008- 


— F < _3  , 31  = 
F ( 4,  3)  = 
-F  (—5,  1)  = 
F(  5,  3>  = 

E4— 7-,-  3)  = 

F C 5 , J ) = 
F ( 9,  3)  = 
F(in,  3)  = 
-F (11,  3 ) = 
F ( 1 2 , 3)  = 


- .06695 
.05279 

-.03175 

.09103 

_ .23650 

. 40523 
.15933  — 
.03255 
0. OOOOO  — 
0. u 30  3 0 
-0.90009 


F < 

3,14)=  0. OOOOD 

F (14, 

3)  = 

0.03003 

F ( - 

3,15)=  0,00000  

F ( 1 5 , 

3)  = 

0 . OOOOO 

F ( 

3,16)=  0.00009 

F(  16, 

3)  = 

0. OOOOO 

F ( 

3,17)=  0.00000  — 

F ( 1 7 . 

3)  = 

0.  00000 

F< 

3",  1 9 ) = 0.00000 

F(  19, 

~ 

0.  OOOOO 

-t(— V19>- 
F ( 3,20)  = 
-F<  3,21)= 
F < 3,22)  = 


-.12404— 
0.00000 
.0  4717- 
3 . UCOOO 
AREA ( - 3) * 


F ( 2 0 , 3)  = 

Ft  21,  3)  = 

F ( 22 , 31  = 
550.56  SO.  IN.  - 


12410- 
0. OOOOO 
.06035- 
0.00000 


Fian<T.  B3  GN-l  OUTPUT  OF  NOZZLE-  INTERNAL  ANALYSTS (cont  M) 


H 

> 


SV5TCM  XNTERWAl  VIEW  FACTORS 


F!  4,  4)  = .08315 

Ft  4,  S)  = .05013 

F(  4,  6)  = .60506 

Ft  4,  7>  = .03031 

Ft  4,  8)  = .1571? 

-Ft  -4,-9)- .-301-3 9- 

Ft  4,10)=  .10063 

FI  4,11)=  0.00000 
F l 4,12) = 0. UOOUD 
■ F(  4, 13) = 0. 00(100 
Ft  4,14)=  O.ODUOD 
— F-t-4,  1 51  =-i— Cf-llOO 


Ft  4,16)=  0.60000 
Ft  4,17)=  0. 00000- 
F < 4,18)=  0.00000 
Ft  4,19)=  .06922 

Ft  4,20)=  O.OCCOO 
-Ft — 4,-2  D= — -.  -G -6-63-2- 


F(  4,22)=  0.00000 
A«EA(  4)  = - 634.44  SO.  IN, 


Ft  4, 

4)  = 

. 08315 

Ft  5, 

41  = 

.05294  — 

Ft  6, 

41  = 

. 02093 

Ft  7, 

41- 

.0658*  — 

Ft  8, 

4)  = 

. 2721? 

Ft  -9,- 

41— 

-.-4632f 

F(ia, 

4 ) = 

.17010 

Ftll, 

41  = 

0,00000 

F ( 1 2 , 

4)  = 

0. 01033 

Ftl  3, 

4)  = 

ft,  00000  — 

F ( 1 4 , 

4)  = 

0.  J33J1 

— F-t  15, 

-4)  — 

-0.00000 

F 1 1 6 , 

4)  = 

0,00003 

Ft  17, 

4)  = 

0.00000  

Fill, 

4)  - 

0.  00000 

F < 1 9, 

4)  = 

.07981 

F 1 2 0 , 

4)  = 

a.odooo 

F < ? I , 

F 1 22 1 

4)  = 

a, ooooa 

/ 


# 


Ft 

5, 

_S, 

5)  = 
61  = 

• 00024 
^piifnq  _ ... 

Ft  5 • 51  = 

_ 21  t . qi - 

. 09024 
--.-034117- 

F t 

5, 

7)  = 

.00797 

Ft  7, 

5)  = 

.11237 

— Ft 

-5, 

8)  = 

.63167 

Ft  8, 

51  = 

-05143 

Ft 

5, 

9)  = 

.1765? 

Ft  9, 

5)  = 

.25490 

Ft 

5, 

10)  = 

.29669 

Ftin, 

5)  = 

.471)81 

► ' V | ...  - 

_E-<  5,123=- 


Ft  5,13)  = 
Ft  5,14)  = 
Ft  5,15)  = 
Ft.  5,16)  = 
Ft  5,17)= 
_Fl  — 5L,  18)  = 


Ft  5,1':'  = 
Ft  5,26)  ' 
Ft  5,21)= 
-Ft  5,22)  = 


0.06000— 
O.OOSOD 
0.00000 
o.uuooo 
O.OCCOO 
0.00000 
lucaaoji— 
, 03154 

o. ocoon 

.23773 

0. ouuoo 

ARHAt  5); 


p-.,.  Cl  - n nnn.n 

-F  1 12^  5)=  o.aooo-o- 


F(13,  5) 
F 1 1 4 , 51 
F 1 1 5,  5) 
. F 1 1 6,  5) 
Ftl7,  5) 

Ft  1 \ —5) 

FC19,  5) 
F < ? 0 , 5) 
• (21-  5) 
F t 22,  5) 
595.99  SQ.  IN. 


0.00600 
0.0  J3U0 
0.3300? 
0.03  300 
3.  OOUOO 

. 0.  00000 

, J4174 

o.  noooo 

. 32931 
G.  00000 


FI  6,-6)=  0.00000- 
Ft  6,  7 ) = 0.0D03D 
-Ft  6,  fl(=  O.C0030 
Ft  6,  5i-  n.  00000 
6,10)=  0.06000- 


F t 6,  11)=  0.00000 
Ft  6,12)=  O.CUOOC 
Ft  6,  13)=  0,00000 
FI  6, 14)=  0.06U60 
Ft  4;15)=  0.00000 
-JU  -6^-161=^-^-00000 — 
Ft  6,17)=  0.00000 
Ft  6,  18)=  0.00000 
Ft  6,19)=  .46721 

Ft  6,20)=  0. cocoa 

Ft  6,21)=  .00094 

— £-1-6,22)=— 0-^06600 

AREA  t 6 ) = 


F<  6,  61=  C. 
Ft  7,  5)  = 0. 
Ft  8,  6)=  0. 
Ft  9,  6)  = 0. 
~F  ( 1 0 , —6  )-= — 0- 
Fill-  8)  • 0. 
F(12,  61  = 0, 
F ( 1 3 , 61=  0. 
F ( 1 4 , 6)  = 0. 
F(15,  6)  = 0. 
— FI  16,-6)-=  0. 
f (1  7,  6)  = 0. 
F(18,  61=  3, 
F(19,  6)=  . 

F(?0,  61=  0. 
F (2 1 , 6)=  . 

F3  22, — 6)-=— fl. 

153.31  SQ.  IN. 


00000  -- 
000  03 

0 0 060 

00000 
10  0 43 

0 3 0 00 
3 0 310  - - - 
03030 
00006  - 
00000 
00090—  - 
00  00  0 
03003 
11345 
03000 
00033 
OOOOG 


fiqjri:  B3  gn-1  output  of  nozzi.i;  inj analysis (coin’d) 


-B16- 


\\ 

■ 5 ( 


-'f. 


SYSTEM  INTERNAL  VIEW  FAC-ORS 


r 


F < -7,  71  = -.OOOOQ 
F ( 7,  8)=  0*00000 


-FI 
F ( 


7)  = 
7)  = 


-.03000- 

0.03000 


r-v- 

Ft 

7, io) = n,  ouooo 

FtlO,  7 ) = 0.03000 

_ F ( 

7,11)=  0. OOUOO 

- - Flit , 7)  = 0.0  )000  — 

F t 

7, 12) = n . 00330 

Ftl2  , *)=  0.030  03 

F t 

7,13!=  3. CObOO  - 

F (13,  7) = 0.30000 

- 

Ft 

7,14)=  0.00000 

FtlA,  7) = 0. 00000 

_ FI 

7_,  ^ ij.q 

— £-*15,— ^--Q.  nnoon  — 

Ft 

7 i 16)  = 0.0000  0 

F 1 1 S , 71  = 0.00000 

. r ( 

7,17)=  0. OOUOO 

F (17,  7)  = 0. 0000(1 

Ft 

7,18!  = 0.00000 

Ftl  8,  71  = 0.00000 

. 

Ft 

7,19)=  .16330 

F(19,  /)=  .11255 

F ( 

7,20)=  U.ODOOO 

Ft  20  , 71  = 0,00000 

F ( 7-,- 24-1-= .-0J32  9-3 

F(  7,22) = 3.00000 
AREA  ( 7)  =- 


-Ft-2 1 , 


= — . 0 034V- 
F(2>,  7)  = O.OQOUO 
37-9.24  -SQ.-  IN. — 


Ft 

SU- 


8)  = 
-9)-=- 


-.00000 

_o-jmaoi)_ 


Ft  0,  81  = 
-_F-(— ' U=- 


-.00000 

-0.90003- 


F ( 
Ft 
Ft 
Ft 
e t 


8 , 10) = 
8,11)  = 
8,12)  = 
8, 13) = 
8,14!  = 
Ft  8,191-= 
Ft  8,16)  = 
f t 8,171  = 
Ft  8,181  = 
Ft  8,191  = 
Ft  8,201  = 

Ft  8,221  = 


o .naona 
0.00000  - 
0 . COO  0 0 
3.0000b 
0 . 0000  0 
-n.OQOUO- 

a.onoao 
0.00000 
0.000)3 
.038/0 
0. OOUO" 


FtlO,  61  = 
Ftll,  8)  = 
F(12,  8)  = 
F.113,  8)=. 
F 1 1 A , 81  = 
— F-C  15,-  8).-=- 
F 1 1 6 , ■))  = 
FI17,  81  = 
F 1 1 8 , 61  = 
F ( 1 9 , 81  = 
F t 2 0 , 31  = 


0. 0000  0 

AREAt  01= 


-367 


Ft?-*,  81  = 

,04  SO.-tN.- 


0.0000? 
0.33603— 
0.00000 
0. OOUOO  - 
o.onooo 
l)  .-00(1 00— 
0.00000 
.0.0003?  - 
0.O3D00 
.02681 
0.00003 
0 12 90— 

o.oooo: 


.pr 


" - r. 


Ft  9,  91  = -.00030  Ft  9,  91  = -.00000 

C4-9,  161- .0609U R1U,-VM — -r  000  00 — 

Ft  6,  111  = 0.00000  Ftll,  91  = 0.  00000 

--Ft  9,  1.21=  0.00000  F 1 1 2 , <?)  = 0.30000 

Ft  9,  131  = 0.00000  F 1 13  , 91  = 0.00000 

Ft  9,  141  = 0. 00006  - F 1 1 4 , 91=  O.OOOV1 

Ft  9,  151  = 0.  00000  Ftl5,  91=  O.OOCOO 

F4— n,  16)=-(U-Or.VOO F-(16-r-9)=  0.00000 

Ft  9,  171  = 3.0  0000  F ( 1 7 , 91  = 0.  00000 

---Ft  9,  161  = 0.00000  F 1 1 8,  91  = 0.  00000  — 

Ft  9,  191  = . 01050  F ( 1 9,  81  = . 00750 

— Ft  9,  201  = 0.00000  Ft20,  91  = 0.00000 

Ft  9,211=  . 36479  F f ? 1 , 91  = .06215 

U — 9,-?2)  = — 0-.000  00 Ft 22, —91  -■  6-. 00063 

AREAt  91=  412.77  SQ.  IN. 


1 l> 


I 


Flic,  101=  -.00009  FtlO,  101  =—.  00000-  

FtlO, 111=  0 . B 0 " ' Fill,  101  = 0.00  0 00 

E-U.0,12)  = -0.00 F-t  12, 10 ) -—0.00000 

FtlO,  131=  0 . 6 6 1 Ftll,  101  = 0.033  30 

FtlO, 141=  0. Oil  - ...  FtlO,  101  = 0.  00000  

F|1J,151=  O.ODO'i  Ft  15 , 10)  = 0.000  00 

FtlO, 161=  o.onu-io  --  --  F(]b,  10)=  0,000  00  

F 10,’17)=  O.DDOOO  F ( 1 < '»=  0.00  0 3? 

Fi  1 0,-181-=-  0-4)62  VO- F418.1  -=-  fl.00009 — 

FtlO,  191  = .00464  Ft  1 9,  i1  I = . 00316 

__  - FtlO, 20)=  O.atlbOO  --  - - F 1 20 , 101  = 0.  0 0000  

FtlO,  211  = .31067  F ( 21 , 1 0)  = .27100 

Fill), 221  = 0.00000  F <22, 101  = 0.00000  

AREA  1 1 0 ) = 375.33  SQ.  IN. 


FIGURE  B3  GN- 1 OUTPUT  Ol7  NOZZLE  INTERNAL  ALV^XSTSCcunt  ’d) 


SVSTFM  INTERNAL  VIFW  FACTORS 


F(ll,ii)  = .05239 F(U,11>  = .3  5229 

F(ll,12>  = #10798  FU2,11I  = .04  369 

-Fill, 13)=  .07545 F( 1 3 » 11)  = .03194 

F<11, 14)=  .06194  F(14,il>  = • 92291 

-F-)il^l5)-= .04061 F-(15,lUs — .01665- 

F(ll,16)=  .09264  Ftl6,ll)=  .18528 

- F (11.17)  = .09.344  . F(17,ll)=  .38401- 

F(ll,18)=  .on563  F ( 16  # 11)  = .01173 

Fill, 191=  0.00000  . - — F ( 19,11) s 0.00900- 

F ( 1 1 , 20 ) = .42691  F(20,ll>=  .18974 

_E_UL,iU_=-0 -.0(106-0 E l-2t.il)  a U.  OOUOO- 

F (11,22)  = .04347  F(22,ll)=  .02471 

• AREA(111=-  150.80  Sf).  19. 


F ( 1 2, 12) = .13315  F ( 1 2 , 12) = ,13315 

— -F-«4t-1-3>-= 1-1-406 — FU-3-,1  2 ) ■»— , 1-1-7-95— 

F (12,14)=  .09801  F ( 1 4 , 17)  = . 09023 

— F(12,15>  = .05683-  F(15,12)=  .05763 

F (12, 16)  = .06135  F(14,12>=  .30744 

F (12, 11)  a .15753  F*  (17, 12)  = . 35030 

F (12, 18)  = .02234  F(13,12)=  .11523 

F-U3,  19)  =-0^0000-0- F-d-9, 12)-=- -0.90000— 

F (12,  20)  = .26114  F ( 2t) , 12)  = .28705 

— f(12,zd=  n.aooon  - -F(2i,i2)  = n.oonoo 

F (12, 22)  = .05272  F(22,12)  = .07412 

AREA(12>  = 372.95  SQ.  IN. — 


F(17.13)  = 
F (13. 14)  = 
F (13. 15) = 
F (13, 16) = 
F (13, 17) = 

- E-03.18)  = - 
F (13,19)  = 
-F  (13,  20)  = 
c(13,21)  = 
F (13,22)  - 


.17259 
.17169 
. 09157 
.01667 
.12854 
-.0  568-5— 
0 .60000 
.13689 
0 .00090 
. 07711 


F ( 1 ?,  13) 
F(  1 U,  13) 
F(15,13) 
F ( 1 5 , 1 3) 
F ( 1 7 , 13) 
~F-(  18,  13) 
F(19, 13) 
F (20 , 13) 
F ( 21 , 13) 
F ( 2? , 13) 


AREA { 1 3) = 360.71  S9.  IN, 


.17209 
. 15287  - 
.03977 
.07974 
.27645 
- .28351- 
0 , 0 9 OOP 
. 14553- 
0.  09001) 
.10485- 


— F (14,  141  = .24006  - - F (14, 14)  = .24006 

F (14, 15)  = .16355  F(15,14)=  .18817 

--F.(14,16>=  -.00365  - F(15,14)=  .31963 

F (14, 17)  = . 05463  F(17,l4>=  .13196 

— F-U4,18)  = - .85  5 65 — — M 18,14)=-  .3112  6- 

F(14,19)  = U. 00900  F(19,14)=  0.00000 

-F(14,;  0)=-  . 08291-  — F(25,14)=  .099J.1 

F(  14,71)=  0.00000  F ( 2 1 , 14)  = 0.00030 

— F ( 14, 22)  = .13629  F(22,141=  .20508 

AREA ( 14 ) = 405.12  S9.  IN. 


-F  (15,15)  = 
F ( 15, 16) = 
-F  (15,  17)  = 
F ( l 5, 18) = 
-1(15,  19)  = 
F (15, 20) = 
— F (15, 211 = 
F (15, 72) = 


.26047 
.000.73 
.01935- 
.0  281  0 
0.00000— 
.05289 

o.ononn 

.29585 

AREA(15); 


■16,15)=  .03354 

■17,15)=  .04244 

' ( 13,  16)=  . 1429) 

( (19,  15)=  -0.00908 

F (29,15)=  . 05711 

F ( 21  , 15) = 0.00000  — - 
F(?2,15)=  .41014 

-367 * 76  SO.  IN.  __  


FIGURE  B3  GN-l  OUTPUT  OF  NOZZLE  INTERNAL  ANALYSIS (cant M ) 


.-B18- 


S7STFM  INTERNAL  VIFW  FACTORS-- 


F<16,16)  = 0.00000  F ( 16 , IS)  = 0.00000 

F<i6,i7>=  o. ooooo  F(i7,«is  o, ooooo  

F<16,16>  = 0.00000  F(16,16>  = 0.00000 

F(16,19)=  O.SOOOD  F(19,16M  0.  00003  — 

F <16, 20) = . 4050  0 F{?3,14>  = .30002 

-F-U6t214^-lUO&0  00- F(2l,  161 - 6-.  000-0 

K<16,22)=  .00101  F(22,16>  = .00029 

APf.  A (16)  = 75.40  SQ.  IN, 


F(17,17)=  0.00000 
£4  1-7, 1-51^4.  000  04- 
F<17,19>  = 0.00000 
F(17,2U)  = .07450 

F Cl  7, 21 1 = O.OOOOC 
F < 17,22)  = ,04109 

AREA ( 1 7 ) 


F (17.  17)  = 0.  00000 

— FU-6r17>-=— 0.9  344-9 

F(19,l/)=  0.03000 

FC20.17)  = . 03663 

F ( 2 1 , 171  = 0. OOOOO 
F (22,17)=  . 02594 

147.71  SO.  IN. 


F (15, 16) = 0.00000 
F ( 1 6, 19) = O.OCODU 
F(16,20)=  .00450 

f ( i 5, 21 ) = 3.?onnn 

-F  (1 6,22  >-=  .1-31)76 


F(16,1ft)=  0.00000 
F(19,14)=  P.OOOS? 
F ( 2 0 , lft) = .00096 

F(21,lft)=  0.00000 
F<??,14>-  ,03554 

•)  T«  P'6  r *1 

I-*-*-  - 


F(19,lq) = 0.00000  FC19.10) 

F (19, 23 ) = 0.00030  FC23.19) 

£U-9»21)  = ,4£4J5 F ( 21,19) 

F (19, 22) - 0.00000  F(22,19) 

AREA<19>  = 550.26  SQ.  IN. 


n. ooooo  — 

0.30003 

- ,36192 

0.00000 


F (20,203  = 0.00000  f<?3,?C)*  0.3  3 000 

j £-(20,211-  -1.0(103  0 F (2-1. 20  >=—0,03063 

F (20,  22)  - .09395  F(22,?»)=  .12016 

- AREA  (20)=  339.29  SO.  TN.  - - 


..  -J 


F(21,21)=  0. OOOOO 

£ (£1,221-=-  0.  OOOOO- 

AREA ( 21 ) * 


r (21 , 211  - 0.00000 

— F42?t21)=-O,0OCO3 

430.26  SQ.  TN, 


-F  <22*22  > = 0. OOOOO  - 

A RE  A ( 2 2 1 - 


F<2?,22)=  0.00000 
265.29  sQ.  IN. 


FiaiRH  B3  PN-]  OUTPUT  OP  NOZZLP  INTPUNAL  ANALYS  IS (co  , . M) 


IDSJj 

IB1 


1 

THIS  IS 

THE  FIRST 

ASDIR  II  SAMPLE  INPUT  SET 

1 

< > 

1 

<<• 

&ENERIS 

NOZZLE  I 

->> 

1 

3 

0204140401 

. - - 

4 

0.0 

18.0 

2.0 

18.0 

-1.0 

0101 

k 

2.0 

18.0 

7.0 

17.7 

•1,0 

0201 

4 

7.00 

17.7 

12.0 

17.1 

-1.0 

0301 

4 

12.0 

17.1 

18.0 

1S.1 

-1.0 

0U01 

4 

18.0 

16.1 

24.  0 

15.0 

-i.t) 

0501 

4 

0.0 

12.2 

2.0 

12.2 

+ 1.0 

0602 

4 

2.0 

12.  2 

7.0 

11.9 

+ 1.0 

0702 

4 

7.0 

11.9 

12.0 

11.3 

*1.0 

0802 

4 

12.0 

11.3 

18.0 

10.3 

♦ 1.0 

0902 

4 

14.0 

10.3 

24.  U 

9.38318 

♦ 1.0 

1002 

4 

0.0 

12.  C 

2.0 

12,  a 

-1.0 

1103 

4 

2.0 

12.0 

7.0 

11.7 

-1.0 

1203 

- 

4 

7.0 

11.7 

12.0 

11.1 

-1.(1 

1303 

4 

12.0 

11.1 

18.0 

10.1 

-1.0 

1403 

4 

18.0 

10.1 

24.0 

9.18936 

-1.0 

1503 

4 

0.0 

6.0 

2.0 

6.0 

+ 1.0 

160  4 

4 

2.0 

6.0 

7.0 

3.7 

+ 1.0 

1704 

4 

7.0 

3.7 

12.0 

0.  0 

+ 1.0 

1804 

4 

12.0 

oo.  a 

24.0 

00.0 

+ 1.0 

3504 

5 

0.00 

12.2 

0 ,00 

18.0 

-1.0 

0500. 0 

19 

5 

0.00 

6.00 

0.00 

12.0 

-1.0 

1.700. 0 

20 

5 

24.0 

9.38318 

24.0 

15.0 

♦ l.n 

0460. 0 

21 

5 

24.0 

00.0 

24.0 

9.1893b 

+ 1.0 

0460. 0 

22 

6 

24.0 



7 

0001 

01 


10 

.02777 

. 05910 

. 04071 

.03051  .01695 

. 12  46° 

10 

.01197 

. 00  3)3 

C. 03300 

0.3DPCO  3.3090' 

3.C3"3? 

;.oo7 j" 

10 

o.n  .'.oac 

a. aa.oo 

.42323 

0.03000  .02643 

0. OPOOO 

11 

226.19467 

10 

.0 6488 

.05241 

.03984 

.022115  . 08216 

. 27333 

.1257? 

. OTP?? 

10 

.0074? 

o.  tiuuua 

o. ouonn 

o.oonoa  o. oonon 

3.00000 

O.OO'JQO 

C>,  00000 

10 

0.0  0000 

.24924 

u.uouoo 

.0  3209  t.uo<m 

11 

561.78278 

10 

.06695 

. 06083 

.03438 

•P2256  .16296 

. 27019 

. lm* 

. 72214 

10 

0.0  00  0 0 

0.00000 

..00000 

j.JUPOO  0.L0003 

C . 3 3 3 0 [ 

7 - **  J 3 3 !i 

UOQOP 

. 0 

.12404 

a. ooaoc 

.04717 

0.00000 

11 

55C. 55884 

10 

.0  8315 

.05913 

. uO  506 

.01938  .157*3 

. JO  13" 

. 100  5 * 

o, noooo 

10 

0.00000 

0.  UUOOQ 

U.UOUOO 

1.0000  0 1.  0 0 000 

0 . 0 U 1!  0 0 

f 1 • 0 03  0 0 

. 0b?2? 

10 

0 . 0 00  00 

. 08632 

o. aonoo 

11 

634.43746 

10 

.09024 

. 00105 

. 00787 

.03167  .17653 

. 79649 

i.  new  do 

0. 30C0D 

10 

0.00000 

a. oococ 

0.00300 

0.00030  1.03333 

0.33300 

. 3 

Ll.  . 7 33* 

10 

.23773 

o. ocoao 

11 

595-55154 

10 

U.DuOOO 

9-00130 

1 .21000 

0.00000  0.003(10 

o. noaon 

U.  000  00 

n.  noooo 

10 

o.ouooa 

ii.  ouoou 

0.U30"9 

o.ouood  u. oonon 

• 4 (1  7 +1 

a.  urnoo 

. CJD9*» 

1« 

0.0  0000 

11 

153.3097? 

10 

-.0  0000 

0. 00003 

0.00000 

o.ooooo  o.ooooa 

0.000. 

* 

7. 

10 

0.00000 

0.00000 

0.00  000 

C. 30C03  • 163  30 

a.+orco 

• J * * u ■» 

11 

379.24271 

10 

— • 0 u 0 0 0 

a. ) o oo  o 

0.03000 

.1.00030  [ .0IIU30 

0.  00  30U 

0.  UPOOO 

•1.  OQOQO 

10 

0 .00000 

o. oonon 

0.00000 

.113870  o.onuao 

.015  15 

o.  oooua 

11 

367.03923 

10 

-.00000 

. 0 0 030 

o.  no  boo 

0.03000  C. 00313 

? . 3 3 P 00 

: . oc7oc 

o . c b d o * 

10 

o . o (i  (i  o o 

0.00000 

.oioco 

U.OJOOO  .06479 

3.0303(1 

11 

412.76654 

10 

-.0  0000 

o, uuooa 

0 .ODOOP 

n.oouoo  n.noono 

o.nnnoa 

o*  oonno 

n.  aoouo 

10 

a .aocoo 

. 00464 

0 . 00000 

.31067  O.OUOUO 

11 

375.32565 

10 

.05229 

.10798 

.07545 

.06154  . 04061 

.09’64 

.005*3 

10 

0.0  0030 

.42691 

3 . 0u  0 0 0 

.34347 

- — - - 

FIGURF  B4 

C5N-1  1R 

S1GNATURI. 

INPUT  DATA  DHCK 
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i 

... 

11 

150.79645 

10 

.13315 

. 11408 

.09801 

.05683 

.06135 

.15753 

. 02734 

10 

.26114 

o. ooaoo 

. 05272 

11 

372,94823 

10 

.17209 

.17169 

. 09152 

.01667 

.12  854 

.35685 

3.30030 

10 

0.00000 

.07711 

... 

_ — 



- _ 

11 

360,71096 

10 

.24006 

.16355 

.80365 

.05463 

. 05555 

0.  00000 

.08291 

10 

.13429 

11 

405.12272 

10 

.26047 

. 00  07  3 

. 0193  5 

.02810 

0.000  00 

.05269 

0.00330 

11 

367.7597? 

-- 

10 

0.00000 

0.  OOOOO 

0.  OOOOO 

0 .OOOOO 

. 40638 

0.33000 

.03131 

11 

75.39822 

lu 

0.00000 

0.00000 

0.00000 

• u 7450 

0.  OOOOO 

.04109 

11 

167.71474 

- - . . 

la 

0 . 0 0 0 0 0 

o.oaooo 

.00450 

0.00  000 

.130  76 

n 

72.30211 

. - - 





10 

o .ooa  uo 

'J.QQOQO 

« Q54Q5 

a. nooao 

11 

550.28137 

10 

o .ouuaa 

o.oaooo 

,09395 

1 1 

339.29201 

10 

0.00000 

o. ooobo 

11 

430.28975 

- - . - ' 

... 

10 

o.oaooo 

11 

265.289/1 

. 

14 

01U5U0 

15 

0102030405 

14 

0205 

15 

□60/ U8 0910 

- 

. 

- . . 

. 

14 

0305 

15 

1112131415 

14 

040400 

1 r 

4r«-»4M»r 

1 

. . 

18 

010U01 

00.0 

24.0 

17 

430.26 



. . 

18 

05 

19 

2300 

01.0 

- • - . . 

19 

2400 

04.5 

19 

2500 

09.5 

- 

■ -•  - - - - - — - _ — 

19 

2600 

15.0 

19 

2700 

21. 

- 

20 

0100 

0.1 

1.3 

20 

0200 

0.1 

1.3 

2.6 

020131 

o.  a 

24.0 

17 

265.29 

._  . * 

- - 

18 

0500 

19 

2801 

1.0 



19 

2901 

4.5 

19 

3001 

9.5 

- . 

19 

3101 

15.0 

19 

3201 

21.0 

— 

....  - - — - ‘ - 

20j 

0301 

0.001 

1.3 

20 

Q4Q1 

o.  ont 

1.3 

* * 

41 

00 

*3| 

22.636 

1400.0 

53.38 

1.33  87.102 

44 

23.154 

805.0 

53.  3 

1.40  215.58 

45 

12.232 

46 

0123022403250*'  ^8j 

62  30  7240  8253  92  613  27112  812  29 133014J1  153216281/ 2 91  83  0 

1923202821272232 

*7 

00 

47 

DO 

0 

— 

49 

13 

V ' jiJGUKi;  1>4  (?H  I K SICNAami-,  • IXl'W  .DATA  ULl'K  ^oinM) 
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OQQQO 

13689 

pooao 

29586 


« 


s 


50 

0133 

1.0 

..  - 

-- 



50 

0 2 33 

1.0 

50 

0333 

• 1.0 

50 

0 433 

1.0 

50 

0533 

1.0 

50 

0f.ll 

1.0 

50 

0712 

1.0 

— ..  



- 

— 

50 

0 813 

1.0 

50 

0914 

1.0 

... 

50 

1015 

1.0 

"* 

50 

1634 

1.0 

- -.  • 

- - - 

50 

1734 

1.0 

50 

1834 

1.0 

. . 



- ... 

.... 

51 

02 

52 

33 

50010 

— 

* 

52 

34 

720.0 

>* 

.4 

.4 

.4 

.4 

.4 

.8 

.8 

53 

.8 

.8 

.8 

. 8 

.8 

.5 

.8 

53 

.8 

• 6 

1.0 

1.0 

i.o 

1.0 

54 

08 

55 

0.0 

5.0 

10.  0 

20.0 

45.0 

60.0 

75 

56 

0100 

5.5 

57 

1.7 

5.5 

1US2 

»ca:; 

alTtTTTT)  = 

5io«n'i 

, AE  1 rv  9 *500  0 



. B 
.8 


90 


1DS5 

JDS5 

1DS2 

2 

2 

2 

*» 

c 

2 

2 

2 


K‘»9;3.18y36,.<SN  = 15.UiUE=12.[lfaMl:=24.0  i 

S. 3 L 'J  - I N i 

*POwy-!  N099=0,  J£T  = ?,FlT4'-i,.5,IF[  : .9,  «»cc*t  9%*N  = i.  >s>.  ,<=  m*b>SS. 

S»*^  = 22.6’6,?P-»  = ii.i5i.,rrrJN=U.0l<.FTT5  9-b05.,^^o4C-8?.ii)2,J4::ai:?15.>.S 

ZCflSE  i 

SC4S;  S 

iCASf  i 

,iC»SE  S 

iCASE  1 

iCASi  t 

iCASi  ISPAT=1,* 

SCASE  T £RH=  v TRUE.  $ 


[■'IQ HiT'  H‘1  (IN- 1 lk  ■ '(I'wVITRH  INHJT  DATA  DM  K front  M) 

* 


H3I  MKTftLS 
p4NDWJjTH 

1 .7')  - 5.5  0 M I T " 0 N S 


&KIS 

* l 

g.  i 

H N o w i n * H 
- ® r ! •'  1 T J 4 
. < vi/.,;  „ i 

rnjivi,Lf  >-t 
°l $ c ^ t>oriy 
trMDEf-tiUE  (<) 

t cm  valent 

31  /r<  ‘K.DY 

».n  a ic'tei 

PfMH  VAl  f *|T 
'Hf  C<  no.'V 
p4AJ!ATini4  1 V/  / S T 

o.  a 

UU  \mM*T 

7 li  3 . 0 5 

ibZ'l.l-i 

4 41. *47 

5.  a 

440.356 

r3r).?b 

i7U5.a/ 

4 on.3r>6 

in.o 

7?P 

/U3.05 

1/31.51* 

4 5 9 • / ? 0 

3 

'*  U f i . ? 3 1» 

7 i.  F>  - S B 

lbll.10 

440. ?54 

4 5.0 

374 . 0M0 

7b?. b 1 

i l^y.si 

-J  7 4 ■ 0 9 0 

i»  3 . 3 

*» r-  '■>  . ‘>  u «. 

/b?.£>1 

?'»9.545 

7r>.o 

l 3 1 • r 1 1 

7b?. 6i 

UP3.ll 

131.911 

- GUO 

b?l  . by 

* -no 

. oon 

< t r,;r~- 

\ N'^ — » THB 

'"W ‘ " -*  ASEDKC 


1-lllJRh  Bf,  (IN  - 1 KilRKMAI.  IK)1  PARIS  SUMMARY 


* * * A S D I w ' * » 


* 


i 


M 


PLUME  ANALYSIS. 


*»  ENGINE  DEFINITION 

AXIAL  ' RADIAL  (FEED 

-2.  UUOU  1.0000 

0.  UUOl.  . 765  6 

**  CASE  DEFINITION 

WAVELENGTH  3.  7500  9.  8500  MICRONS 

ASF  ANGLE  O.OUOO  DEGREES 


i 

i i 


* PLUME  DATA  IS  CALCULATED • 

• FLIGHT  CONDITIONS  ** 


$ 


ALTITUDE  IS  5-jG . - EE  T . 

HEATHER  IS  ICAO  MIL  STD  210  STANDARD  DAY 

WITH  .01)0  330  WATER  CONTENT . ’ 

VISIULE  CONTRAIL  IS  NOT  EXPECTED 
CASE  MACH  NUMBER  IS  .50  AT  AMBIENT 

PRESSURE  OF  12.23  P?IA.  __  __  

TEMPERATURE  DF  5U1.  DE5R. 

VELOCITY  CF  599.  FT/SE3. 

ENGINE  IS  RUNNING  HITH  A FUEL  EQUIVALENCE  RATIO  (EQR)  OF  .2*5 


FLOW  FIELO  INPUT 


RADIUS 

VELOCITY 

TEMPERATURE 

XCD2 

XH23 

(FEET) 

(FT /SEC) 

(DEG  R) 

0.0000 

1651. 06 

1 4 ‘s  0 • j C 

.037892 

.092, LI 

. 0766 

1651.06 

19C0. GO 

.u37ri92 

.092,11 

.1532 

1651.  Q6 

1 9 a G . J 0 

.037592 

. J92ull 

.2297 

.1651.05 

1 9 : 2 . J G 

j i 3 7 892 

.392.11 

.3063 

1651.06 

1900. U„ 

.037892 

.092.11 

.3829 

1651. 06 

1 4 a Cj  • Gw 

.037*4?  ' 

.u92.ll  Core  Nozzle 

.9595 

1551.06 

1 4 j j » 3.) 

.337B92 

.092.11 

. .5360 

1551.05 

1 9 G G . u - 

.037892 

.092.11 

.6126 

l65L»  Q 6 

I960. JC 

.03.  192 

.092311 

' .6892 

15  51*  G 6 

19j  0. G . 

. j3784d 

. .92.11 

.7658 

1651.06 

1 9 0 0 . G L 

..37892 

. .92.11 

. 8929 

10  85.0  1 

6u  7 • 19 

« C G 0 33d 

.000333 

.9189 

lJ88.il 

6.7.19 

.000330 

.030330 

.9955 

1088.01 

5u  7. 19 

.000330 

. 0 0 V 3 3 ? 

1.0721 

1 . 80 • G 1 

5o  7. 19 

• 0 0 D 3 3 u 

iO-’  333D  Secondary  Nozzle 

1.1987 

1 J 8B.  01 

607.19 

.00  0 330 

..,0330 

1.2252 

1j88. 01 

607.19 

• u ii  3 3 3 j 

. 0 G 0 3 3 0 

»•  AHBIENT  CONDITIONS 

1.3018 

398.97 

500.89 

.000330 

.000330 

**  INPUT  PARAMETERS 


PLUME 

AMBIENT 

PRESSURE,  P 

.839 

.832 

ATMOS.  / 

' R8  - RPN 

SPECIFIC  HEAT,  CP 

.295 

DTU7LD-F 

... 

GAS  CONSTANT,  R 

53.972 

FT/F 

XC  - Plume  core 

length 

SP.  HT.  RATIO 

1.305 

...  . /\ 

MACH  NUH3ER 

1.0  00 

( 

| REND  « Radius  at" 

the  end 

SECONDARY  PRESS.  = 

.856 

ATMOS. 

of  the  p iume . 

J > 

^ AL  - Effective 

p luue 

. R8p  . . 766  XC=_ 

6.702  RENU  = 

28.90  8 AL * 

225.162  MT 

length.  

FIGURE  B6  GN-]  OUTPUT  HEADER 


-B24- 


2 CASE 

ABB  * Q.J,  

AL  = .1E*04,  ' 

A Lf  OSS  = ~.  5£ «■  Oif," O'.  0 , O' . 0 ,"T.Tfi“ 0.0, 

ALTPLH  = .5£*04,  

AMF  = • 485E*  U1  

AMI = “.  3T5E+0i', 

ASPOEG  = .9E+02,' 

OHS  » .16E+02,  ' 


EAREA 

= U ■ 0 f 

o.» , 

’J  • 0 t D . C y 

U ■ J 1 Ja  j l J » j j 

j . I . 

0.0, 

U , 0} 

D.  Of 

0.0, 

0.  u, 

J ♦ 0 » 0 « 0 f 

u.o, 

ETEHP 

= 0.0, 

U • J f 

0 • 0 f 0 • 0 f 

0.0,  0.0,  0,0, 

0.0, 

0.0, 

0.0, 

U.  0, 

Q . 0, 

0.  0» 

o.u,  u.o, 

o.u, 

I FILTER  = 0,  ' " ' 

IL  " _ ' 

IRADCK  = 3, 

I SPAT  0, 

ITAU  - -1, 

ITYPE  =1, 

KOATA  =14, 

NA  ' ' = 5. i 

NANGSES  =3,  " ' — . 

NAT.MO  =2, 

NEXlf " "•Si"' 

NEXT  = 0, 

NFLW  " = bi  " ’ ' 

NP  •~0t  ' 

NRANG  * = 3 , 

NUINC  ' = • 5£a  02  j 


RANGE  • 7iS+  05 ,~7i Ei 05',-. SE*'05T"0  7u  V 6Voi  . RPN  = . 91093 6E+01, 

RAYPNT  = 0-0,  T ' RTE  . = .12E+02, I 

TBACK  =0.0,  ' A ML  ="-24E  +0'2T 

TBB  = 07bi  RSti  = .15E+C2, 

TERM  "*~Ft  " XP'  " S'  O'.:- 

NUFRST  '“S'"0i  ' RP  = '0707 

I CHECK  "S~b7  ‘ i 7 


r 


$ PLUHIN 


RPN 

= .7b 578S+00, 

RSN 

= .125E*01, 

XP 

= 0.0, 

RP 

= 0.0, 

KDATA 

= 1%, 

1 

TANE 

= • 9E+  01 ». 

EQR 

= • 25E *00  , 

XC02 

= .33E-U3, 

.33E-C3,  .'33E-03, 

“.33E-03  , « 33E- 0 3 , 

.33E-C3, 

. 3 3E-Q  3 , 



.33E-U3, 

.33E--3, 

« : 3 !*■  U3  j 

• 3JE-03,  . 3 3 E- 0 3 , 

. 33E-03, 

. 33E-03, 

. 33E-03, 

.33E-03, 

.33E-03,  .33E-U3, 

. 33E-03,  . 33E-03, 

. 33E-03, 

. 33E-03, 

•33E-G3, 

•33E-03, 

•33E-03,  .33E-03, 

.33E-U3,  .33E-03, 

. 33E-03, 

. 33E-03, 

. 3 3 E-  j 3 , 

• 33E-03 , 

« 33c.-  03  , • 33c.  “ U 3 » 

.33E-03,  . 33E- j 3, 

. 33E-33, 

. 33E-; 3, 

.33E-U3, 

. 33E-U3, 

. 33E-03,  . 33E-U3  , 

. 33E-U  3 , . 3 3 £- 0 3 , 

. 3 3 E- j 3 , 

. 3 3 E- j 3 , 

. 3 3 E-0  3 , 

.33E-03, 

. 3 ?£- 0 3 , .33E-03, 

.33E-.3,  .33 CT—  33, 

. 33E-. 3, 

. 3 3 E-0  3 , 

• 3 3E-0  3, 

« 33E-C  3 , 

•33E-C3,  «33E-039 

. 33E- 03,  .33C-33, 

. 3 3 E-0  3 , 

. 33E-03, 

. 33E-03, 

. 33E-0  3 1 

.33E-03,  .33E-03, 

• 33  E-u  3 , .33E-03, 

. 33E-03, 

. 33E-03, 

. 3 JE-03, 

•33E-03, 



--  — 





— 

_ 

XH20 

— .33  L"t/  3 9 

. 33E-0  3 , .33E-03, 

• 33E-3  3,  .33E-33, 

.33E-03, 

. 33E-03, 

.3 JE-03, 

. 33E-0  3 , 

. 33E-03 , , 33E- U 3 , 

.33E-03,  . 3 3 Z-  U 3 , 

. 33E-33, 

. 33E-03, 

. 33 E-0  3, 

.33E-U3, 

« 33~  - 03  9 •33l“,U3, 

.33E-03,  .33E-D3, 

. 33Z-D3, 

. 33 Z - 3 3 , 

.33E-U3, 

. 33E-U3 , 

.33E-03,  .33E-03, 

. 33E-03 , .33E-03, 

. 33E-!i3, 

. 33Z-J  3, 

. 3 3 E-0  3 , 

33E-U3, 

.33E-03,  .33E-;3, 

• 3jh  — 0 3,  »33c*“j39 

. 3 3 E“ i 3 , 

. 33E-j  ?, 

• 33E-U3, 

.33E-03, 

. 33  E-u  3 , . 33E- 0 3 , 

. 33E--3,  .33E-D3, 

. 33E-03, 

. 33Z-03, 

. 33E-U3, 

- T J 7 - T.  7 • 

j3* 

. 3 3E-Q  3 , . 3 3 E- J 3 . 

. 33E-0  3, 

.33E-03, 

.33E-03, 

. 33E-0  3 , 

•33E-C3,  .33E-03, 

. 33E-J  3,  .33E-U3, 

. 33E-03, 

. 33E-03, 

. 33E-03, 

. 33E-*.  3, 

. 3 3 E-0 3,  . 33_cj*0  3, 

.33 E-0 3,  . 33E-0  3 , 

. 3 3 E-U 3, 

..33E-03, 

. 33Z-C3, 

• 33E-03 , l 

XC02A 

= .33E-03, 

XH2CA 

= .33E-03, 

U 8 

= l)«U  f 0 • J 9 

U • L j 0.0,  b 1 J f '*  . 

j i C.j»  j i ! ) 0*0, 

0 • 0 9 0.09 

0 . 0 9 0 « 

0, 

0.0, 

U.O,  0.0 

, 0.0,  0.0, 

ii«k  i 0*0,  0 « j 9 D • 

0,  0.0,  0.0,  0.0, 

O.U,  U. 0 , 

0*09  u • 

0, 

u.o, 

0 « 3 9 0.0 

0 • j j G • J 9 

C • U , U.O,  0*0,  0 • 

0 9 0 • l)  9 0.0,  0 • 0 f 

3 . 0 9 D • 0 9 

0.0*  0 . 

’j  9 

O.U, 

0.0,  0.0 

0.0,  U. 0,  0.0,  0. 

Of  0.1)9  0.09  0.09 

3.O9  0«09 

J • 0 9 u . 

c, 

0.3, 

G « j , 0*o 

0.0,  0.0, 

0.0,  O.U,  O.U,  0. 

O9  0 • 0 9 J . U 9 0.0, 

3.0,  0.0, 

0.0,  0 • 

c, 

3.0, 

0.0,  0.0 

T8T 

SSSXJMMliV 

0 • J 9 C • U 9 0 • 3 9 Ct 

C 9 O.Jf  J • 0 9 O.O9 

3.3,  :.3, 

C • 3 9 0 • 

3, 
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FIGURE  B7 

GN-1  OUTPUT  LISTING  OF  NAMELIST 

INPUT (cont'd) 
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FIGURE  B7  GN-1  OUTPUT  LISTING  OF  NAMELIST  INPUT (cent ' d) 
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FIGURE  B8  GN-1  PLUME  GAS  DATA  (OUrPin’  SAMPLE)  fcont  M) 
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•’’TOTAL  SIGNATURE  OVER  THE  SPECTRAL  BAND  3.75  TO  4 . S5  MICRONS  AT  A RANGE  OF 
FOR  AN  ASPECT  ANGLE  OF  0.0  DEGREES  IN  A NOR.  A T rtDS3MERE* J * 


3.043  KM 


•VEHICLE  ALTITUDE 


.1.52  KN  AND  OBSERVER  ALTITUDE  a_  1.53  KM 


.UME  POINT-SOURCE  SIGNATURE 

EFFECTIVE  OLAC<  BODY  AREA  - ADO  = 1629. 1R0D  CMSO 

_ _ •,  _ _ £F  FECI  I VE  OR  TEMPERATURE  - TRB  = 743.U513  DrG< 

EFFECTIVE  BACKGROUND  TEMP.-TRACK=  j.SD.O  OFGK 


APPARENT  RADIANCE  = 34.6713 
ATTENUATED  METALS  = 84.2437 
METALS  = 160.9029 
PLUME  GAS  SPECIES  = .4280 
BACKGROUND  = 0.0000 


UATTS/RTERADIAN 
WATTS/STERA3IAN 
WATTS/STERADI  AN 
NATTS/STERAOI AN 
HATTS/3TERA0IAN 


lj 


•’’TOTAL  SIGNATURE  OVER  THE  SPECTRAL  RAND  J.75  TO  4.95  MICRONS  AT  A RANGE  OK 
FOR  AN  ASPECT  ANGLE  OF  0.0  DEGREES  IN  A NOR.  ATMOSPHERE » * > 


3.048  KH 


-Ik 


'VEHICLE  ALTITUDE  * 1.52  KM  AND  ORSERVER  ALTITUDE  = u.09  KM 


.UME  POINT-SOURCE  SIGNATURE 

EFFECTIVE  RLACK  BODY  AREA  - ARM  = 1629 

EFFECTIVE  9R  TEMPERATURE  - TOR  =■  743 

. EFFECTIVE  BACKGROUND  TEMP.-T9ACK=  u 

APPARENT  RADIANCE  = 79.9132  WA.'TS/S 

ATTENUATED  METALS  = 79.5751  KATTS/3 

METALS  - iGG.9  Gc9  U.77S7S 

PLUME  GAS  SPECIES  = .3371  HATTS/S 

BACKGROUND  = O.OUOO  WATTS7S 


.1900 
.0513 
• E *.  j 0 
r era  d i 
T ERA  D I 
I ERAGI 
TERAOI 
TE  RADI 


CMSQ 

D-GK 

DESK 

AN 

AN 

A N 
AN 


’•’TOTAL  SIGNATURE  OVER  THE  SPECTRAL  RAND  3.75  TD  4.85  MICRONS  AT  A RANGE  Oc  15.240  KM 

FOR  AN  ASPECT  ANGLE  OF  0.0  DEGREES  IN  A NDR.  ATMOSPHERE’” 


’VEHICLE  ALTITUOE  = 


1.52  KM  AND  OBSERVER  ALTITUDE  = J.Jj  KM 


I 

#*■ 


.UME  POINT-SOURCE  SIGNATURE 

EFFECTIVE  BLACK  «OOY  AREA  - AR9  = 

EFFECTIVE  U9  TEMPERATURE  - TRP  = 

• EFFECTIVE  RACKS  ROUND  TEMP,-IRACK= 


162  9.  1 9.  3 CMS5 
743,. 513  DECK 

..;doo  3 e g k i 


APPARENT  RADIANCE 
ATTENUA I KO  MUALS 
METALS 

PLUME  GAS  SPECIES 
BACKGROUND 


56.5551 
56.5245 
160.9029 
.0305 
0 . 0 0 u 0 


MATT57STERADI3N 
HATTS/STERADI AN 
MATTS7Srr RADIAN 
WATTS/ DIE  RADIAN 
WATTS'  STE  RADI  AN 


FIGURE  BIO 


GN-I  IR  SIGNAUTRE  OUTPUT  (SAMPLE) 


-B32- 


t tft 


flS'DIR 

EXHAUST  PLUME  SPATIAL  RADIANCE 

ASPECT  ANGLE  90  DEGREE 


© 0/20  E -4  WflT TS/ST . /CM2 

* 0.  50  E -4  WRTTS/ST.  /CM2 

+ i:oo  t:  - 4 nrtts/st.  /cm2 

X 0,  ! 5 f!  -3  HOT  rs/sr.  /CM2 

* 0,30  E -3  NRTTS/Sr.  /CM2 

* 0.  Z5  F.  -3  HO r To/ST . /CM2 

x 0.30  F -3  HRtts/ST. /CM2 
2 03 Z F -3  HRUS/ST. /CM' 


FIGURE  BJ1  GN-1  PLUME  RADIANCE  SPATIAL  PLOT 
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FIGURE  B12  GN-I  PLUME  RADIANCE  SPATIAL  D,’r'  (cont'd) 


***  GN-1  is  a single  engine  (Figure  1)  isolated  in  space 

with  no  external  surface  radiance,  ie.  engine-internal 
ho t-par ts -wi t h-p 1 ume  only.  *** 


GN-1  Altitude:  5000  FT  (1.524  KM) 

Speed:  599  FT/SEC  (0.5  Mach) 

1R  Band : 3.75  to  4.85  /iM 


Observer 

' Al  t i t u die  - FT  ~Sla.it  Range-FT 

5000  10000 

0 10000 

0 5C000 


ASPECT  ANGLE  FROM  TAIL  (DEG) 


APPARENT  RADIANCE  (WATTS / S TERAP IAN ) 


FIGURE  B 13  GN-1  IR  SIGNATURE  POLAR 


APPENDIX  C 


GENERIC  NOZZLE  II  (GN-2)  DEMONSTRATION 


A second  typical  single  turbofan  engine  case  has  been  developed  for 
the  pui-pose  of  demonstrating  the  operation  of  ASDIR-II  for  a practical 
configuration.  Various  alternative  1/0  modes  arc  also  demonstrated.  This 
second  demonstration  involves  not  only  the  engine  internal  hot  parts  and 
exhaust  gas  plume  emission,  but  also  the  IR  emission  from  external  surfaces 
of  the  entire  aircraft.  An  IR  missile  from  one  mile  will  have  a field  of 
view  diameter  greater  than  160  feet  which  is  sufficiently  large  to  en- 
compass even  a large  aircraft.  The  demonstrator  aircraft  is  shown  in 
Figure  Cl  with  temperature  and  cmissivity  data  given  in  Table  Cl.  The 
separated  flow,  axisymmctric  engine  exhaust  nozzle  (GN-2)  has  an  external 
plug  as  shown  in  Figure  C2.  The  view  factors  for  GN-2  were  obtained  as 
demonstrated  for  GN-1,  and  this  demonstration  begins  with  the  S1GSUB 
summary  of  which  were  already  established  in  a "previous  run." 

A zero  elevation  analysis  of  GN-2  will  include,  in  addition  to 
external  radiating  surfaces,  the  IR  signature  resolved  in  two  IR  bands 
(2.5  to  3.  and  4.5  to  5.),  from  two  ranges  (6076  feet  and  12152  feet),  and 
each  range  from  two  observer  altitudes.  In  addition  to  these  points  of 
primary  interest,  the  zero  range  reference  point  source  will  be  included 
as  will  some  aspect  angle  (u,  tu,  iu,  ou,  yuj  coverage.  Note  that  the 
ICHECK  control  will  be  exercised  in  this  demonstration.  Also  note  that 
this  entire  analysis  was  performed  with  a single  Input  Data  Deck  in  a 
single  computer  run. 

The  Input  Data  Deck  is  shown  in  Figure  C3  for  the  IR  signature  in 
which  the  SIGSUE  engine  representation  has  been  determined  in  a preliminary 
run  (not  shorn).  The  external  radiating  surfaces  for  zero  elevation  are 
included  in  IDS-2  (EAREA,  El'EMP,  NEXT).  Note  that  the  target  aircraft 
is  characterized  by  a single  set  of  values  for  altitude,  Mach  number,  engine 
operation,  and  plume.  The  aspect  angles  can  be  verified  in  S1I32  of  Figure 
C3,  and  the  ranges  and  observer  altitudes  can  he  verified  i.i  Figure  C5. 
Observe  the  use  of  [CHECK,  in  Figure  C3,  to  control  the  recycling  of  the 
programmed  sequence.  Also  note  the  repeat  use  of  IDS2  in  Figures  B4  and  C3. 
In  Figure  C3,  the  EAREA' s correspond  to  aspect  angles  shown  in  S1B2. 

The  signature  output  begins  as  shown  in  Figure  C4.  Figure  C5  is  an  imp 
roved  output  format  which  requires  less  paper  than  the  old  format  of  Figure 
BIO.  Finally,  the  IR  signatures  are  plotted  in  two  hands,  three  ranges, 
and  two  observer  altitudes  in  Figure  C6.  In  passing,  it  is  to  be 
acknowledged  that  provisions  arc  not  included  in  ASDIR-II  for  automatic 
plotting  of  the  IR  signature  polar  which  makes  hand  plotting  of  the 
output  a necessary  part  of  data  reporting. 
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FIGURE  NO. 


CAPTION 


Cl 

C2 

C3 

C4 

C5 

C6 


(IN-  2 IN  A SINGLE  ENGINE  GENERIC  AIRCRAFT 

GN-2  NOZZLE  DIAGRAM 

GN-2  ]R  SIGNATURE  INPUT  DATA  DECK 

GN-2  IR  SIGNATURE  OUTPUT  HEADER 

GN-2  IR  SIGNATURE  OUTPUT 

GN-2  IR  SIGNATURE  IN  TWO  BANDS  AT  ZERO 
ELEVATION 


m ■ 


TABLE  Cl 


EXTERNAL  EMISSION  DATA 


COMPONENT 

NO  . 

E M I S S . 

TEMP  . 
°K 

AREA* 

CM^ 

i 

£<i) 

ETEMP (i) 

ATOP (i) 

ASIDE(i) 

AEND(i) 

BASIC  A/C 

H 

. 60 

827767. 

283818 . 

122632. 

AVIO  COOLER 

. 80 

26942. 

13472 . 

1433  . 

ENGINE  BAY 

. 85 

44745 . 

44745. 

17953  . 

ENG  SlIROUD 

B 

.90 

361  . 

10363 . 

10363 . 

39  32  . 

NOTES  : 

* ASDLR2  accepts,  aspect  angles  measured  from  the  tail.  The 
aspect  angle  is  the  resultant  of  the  azimuth  ((3)  and  the 
elevation  (<* ) as  measured  from  the  nose.  Azimuth  is  positive 
toward  the  starboard  wing  and  the  elevation  is  positive  up. 
The  aspect:  is  determined  as  described  in  Appendix  A. 

The  external  radiating  areas  are  prepared  for  input  by  the 
following  ; 

EAREA(i)  = < e ( i)  ) * (ATOP(i)  *]  S IN  <X  [ +A  S IDE  ( i.)  * ] S INf>*  C OSe<  [ + 
AEND(i)*]C0S(3*C0S  of  [) 

where  ] [ denotes  absolute  values  and  azimuth  always  occurs 

first,  then  elevation  'oour  in  the  azimuthal  plane. 

**  NEXT  is  given  the  largest  va.uc  un.’-T  NO.  i. 


IDS  1 
SIB  1 
2 
2 
2 
2 
2 

fDS  2 


2 318. 

3 4 

767.61 

(1  .0 

2135. 

78 

724.48 

1 0. 

0 

2 0 94  . 

74 

8 'V,  . 76 

ft 

1267  . 

16 

667 . 72 

60. 

43  5. 

49 

64^.79 

or . 

P 

EGAS 

r 

ALT  099 ( 1)  = 

?*?.,  * 

. 

NRANG=5, 

NfXTs4,>TEM? m =>7<»' 333«V?r,{'.  , " 

EAREA(l)=7;?‘i7o.  , U^r, , ,l‘32b  . ,3'379.j_ 

RAM  62  (1  ) -il  . , 6U76.  , 1715?.  ,6ti75.  ,1715’  . , 

N?=  g,XP-  I?. ,?">  = 7.  • , 

rpn  = ii . wf,  ?sm  = i r>’.  5V;; ,*-'te=  IF.  n‘,  anl= ? 4.’  ? ~ 

1 DL  tl  Ml  M <5 

IPO  NER  NORM='  , Jlf f=?  ,"*L TM  = ' , 5 , T$erO=h".'<3  , RREO  = U . 9B 7~  M = 6?  5 
E"7=27. 636,Ft:>P=?7. 15  4,  T_T 17  9 = 14  01)  . , tt^Ns^OJ;  . , NA»AO=8  1?  2 
PNl‘i?T  = i%BrVe,’.  . un  6V1=6  rs.BA r 

•‘CASE  

TAREftTi  j=l>.  2032.  v.  ,21635.  , 51  • 6.  , 

S _ _ _ ____  _ _ 

jo  ASE" * 

Eft?Eft(l) =148465.  ,5111.  , 3 2 2 7,?  , ,777ft.  , 

' (*'  ' “ ' * ’ 

.ms  E- 

EAREA(i) =134262 . ,99'  7 . , 4i|5  67  , , 9847  , , 

SCAST 

.EAREAll)  =17.0  29 1.  » 1IJ  7 73.  , 3 3 0 3.7  • ,9227.  , 

5 

!t£/LS£._mi£iil.=Jl » . A '•*  r.“A.»  r , ' ':lc=.r  

EA'  Eft  (1)  =715  79.  5 . , IS?  6 . , ‘9  =t  n . , 

2 _ _ __ 

EGA  SE 

.EARCA  (13  =102.0.37..  U 2 £L.  ,21632 . , 510.6.  , _ 

2 


EA9EA(l)=lAB865.,6381.,32?i'2.,772«., 

SCASE 

.EAR.EA  Cl)  =1 34267 . , 9307.  , i,  a 5 67  . , 9047 ..._ 

'£ 

_ms£ _ 

EAREA(1)=17.291.  , 1j778.  ,3  8".' ? 3.  ,93  27.  , 
SC  ASE  TF?M=,  TPIJE  . ? 


FIGURE  C 3 GN-2  IR  SIGNATURE  INPUT  DATA  DECK 


COPY  AVAILABLE  TO  DOC  DOES  MOT 
PERMIT  FULLY  LEGIBLE  PRODUCTION 


''SUIR*** 

' _ plLLMI  . W-Y31S  

**  ENG IN"  DEFINITION 

AVI  AL 
-2 . 11 II  till 

II . II  U OP 

**  plug'  definition' 

AVIAL  RADIAL  (FE“T1 

TTITT^n 

**  CASE  nCFIMIT ION 


. SAGS 


RADIAL  (P^ET) 
1.  HU  (in 

..  DG 1 7 


WAVELENGTH  2.0  >;  ' ' 3.  ]'  TIC  ROMS 

A 5™  m L i u 


**  PLUME  6 AT A IS  CALCULATED.  ** 


t*  FLIGHT  CONDITIONS  * * 


ALTITUDE  is  5 n n n . F 17  E t , 

WEA  rJd  os  TS  TOAD  NTj  STA  211  S T A ‘■ID  A 1 ’D  (AY 
WITH  .I.KH1  WATER  CUNTr,IT. 

VISIBLE.  CONL?  A IL_  LD  . Not  lxDI''TCn 

CASE  MACH  NU,1Drr=>  IS  . S ’ AT  A M O I c M T 

PRESSURE  OF  . 1 Z.21  ^SIA. 

TEMPERATURE  OF  Svl.  o^GR. 

Y£mCIIY-flf  ^-9  0.  EJ/3£^ 


ENGINE  IS  RUNNING  WITH  A FUEL  E OUT  V AL  ENDS  °ATTO  (TOR)  O'7  , 


FIGURE  C A 


GN-2  IR  SIGNATURE  OUTPUT  i.  AUER 


'1 

rl 


* 


**  FLOW  F IF  L n tm^it 


PAOTUS 

V" L nci TY 

T E 9 3 _ R A T U 3 r 

X SOP 

X M ? 9 

(FEET) 

crT  /sm 

(OE6 

.5  431 

16  91 . 116 

i 4 n u . n n 

. 03  7 8 43 

. 047111  1 

.6?1< 

1 6 91 . 11  6 

14  0 0.  'Ill 

.U3734R 

. U4P01  1 

.6592 

1 6 91 . t r. 

19  U f).  Ill) 

. 113  734° 

.042011 

.6971 

1631.-6 

14  00.  Oil 

. 097342 

.042011 

.735 1 

1 6 91 . r.  6 

1 4 0 0.  Oil 

.03784? 

. II 4 ? U 1 1 

.773(1 

16  51.  PS 

14IIU.  4 1) 

. 113  7 3 43 

.042011 

. 81'  9 

is  31.':  6 

14  ' . 00 

.0978 4? 

.042011 

. (5489 

1 6 9 1 . j 6 

14  , . Il  (1 

.119  7 8 4? 

. (14  711  11 

. 8 363 

16  51.0  6 

140  0.  >||i 

. U 7 7 ° 4 ? 

.042011 

.9247 

16  31  .rs 

14  in),  on 

. 0 9 7 B 4 l 

. U 4 2 0 1 1 

.962  7 

1 6 91  .116 

1.400,  OH 

. (1  7 7 3 4 P 

. 04  2.111 

i . C 0 C 6 

1" 83. PI 

607.  n 

. 0 0 0 711) 

. II  11  11  7 3 0 

-i-  • - - ' * * 

i.  • 9 ' A 

' • JL 

n ■ i n -*  i i i 

19  f i M -*  “»  f. 

• • » ' ' ' > ' 

1. j7b9 

1.  "1  . 1 1 

6.  7.1r> 

. 0 U 0 7 3 0 

. 0 0 II’UI 

1.1144 

1 i,  3 3.  Ul 

6''  7.19 

. Oil  (13  30 

. o n n ? 3 0 

**  aHsient  CONTITT 

n,NS 

1.1923 

998.97 

9 III)  • 84  " “ 

. 11 1)  0 33l:  ~~ 

. J t 0 7 3 ;■ 

**  INPUT  PARAMETER 

\> 

PLD’ir  0M3IFNT 

PRESSURE, 

n 

.8  39 

,837  A T M 9 3 

• 

SPFriFTC  Mr A T . 

n "1 

. r>  ’-i  rs  iT'i/i  ^ - 

C 

GAS  CONSTANT, 

R 9 

3.4T?  3T/f 

SP.  HT.  RATI'' 

1.3  4 . _ 

magh  numtfr 

l.v  T 

SECONDARY  PRES 

r*  — 

T ■ - - - 

.856  AIYOS. 

O^OX  = 

. ' j 0 

S_fi  - . .EL5.5_X 

n= EjJ_zel_ 

1 0 . 1'  1 n; 

_AL.” tlTL.  44 

r} 
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* POINT  SOURCE  T ■>  INTF-I^TTV  *** 


SPFCTRAL  °ANO  - 2.5L  TO  3 . 0 P •ttor'-ing  % 

V C w 1 0 L [.'  . A L T 1 T J '"l r - 1 «3  2.  ^ , 0 U Krr  jf 

ASPECT  ANCLE  - C . r nFGMES  T w A NOR.  - 

EFFECTIVE.. R.LJ'CK  ?_9  0Y  A n.  1 A - Am..  .=.  2318.34*10  .."MSI  .......  ..  ; 

EFFECTIVE  OR  T E'-1pE  ’’ATU^F  - tti  = 75?, SIM  n~C<  i 

FFFFCTTVC  RACKS round  Trtin  - U.12K  - H.ilfinO  '•'"CK’  1_  V 


SL  T FNC 

( K M / N M ) 

0./  fl. 

?./  1. 

A , / 2, 

i.y  1. 

4.  / ?.  i 

on  ALT 

(KM/KFT) 

2.  / 5. 

2.  / s. 

2.  / 5. 

0.  / P. 

- • ' ' • ‘ ! 

PC KG RND 

(W/STR) 

. b l '. 

b.  JP up 

C.  07  no 

0 . n . J ; 

n . I'Oo  n ! 

METALS 

( W / E T ’ ) 

R1 . A 1 4 

91.411 1. 

01. 4*14 

01.4114.  . 

01,  41  7’l.  ! 

ATT  MET 

(W/STR) 

4ft.  7 ‘5  89 

2c.  r 95-1 

1 5 . 8 1 4 7 

1 4 - ft  1 0 7 

1 ’ . 4 4 < 1 

P L M GAS 

(W/STR) 

,9187 

. *12 

< n 4 ft  ft 

• nF3I 

. . r 2 *1  . 

EXT  fmc 

( W / S T R ) 

. 1 Rft. 

» fruu 

. i51" 

."'84  II 

. 0 4 J 1. 

ARP  RAO 

(W/STR) 

47,7  076  . 

2.n,  14.  7 

13.022* 

14.7468 

1 2.  F.12G  . 

* POINT  GO' I PC  F TP  TMT'-MCTTY  * * * 

SPECTRAL  OAMQ  - 2. Si  to  7,):’  M T CRONS 

VEHICLE  A L T I T ' 1 T F - 1 , 5?  n.R  ft.  m K' r __ 

ASPECT  ANGLE  - 1.- . i NEC  2EFR  IN  A NOR. 

EFFECTIVE  CLACK  ROBY  A ’FA  - Am  = 2180.  T#/  c^ST 

EFFECTIVE  ;3P  T ':wnF.RATUnF  - TOR  = 7?4.4~8lli1  n'i,< 

_ .EFFECTIVE  RAOKGROUNO  TEN0  - T 0 AC  < = 8,  n M 11 II  D7G K 


SL  T RNG 

(KM/NM) 

1)./  u. 

/ 1. 

4 . / 2 . 

’.7  1, 

4.  / 9. 

OB  ALT 

( KM/KFT ) 

2.  / 5. 

2.  / 5. 

2 . / 5 . 

n . / U. 

1) . / 

bckgrmo 

(W/STR  ) 

~ U."  (J  II II (1  “ 

<1. 'Ml no" 

11 . n linn 

J . n ' n r 

0 . ! 0 n 

METALS 

( W / S T p ) 

8ii.  1 J 0 n 

Gil.  1 USO 

6 n . 1 n 6 n 

ft . . 1 ‘ ft . 

5 . 1 ft' 

ATT  MCT 

(W/STR) 

44. 7565 

17.  86011 

U . "l 26 

11.8078 

^ f u r»  u 1 

P L M f,  A c 

(W/STR 1 

1 . 7067 

, 0 n?7 

» •:  o 

.7  615 

. r p a /. 

EXT  r MS 

(W/STR) 

.2*12 

. no?5 

. n73o 

. .175 

. 00- 

AP°  RAO 

(W/STR) 

4ft.  8 j 4 4 

14.44? 

1 r • 9 * 71 

11.5280 

8.5517 
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POINT  GONP'ir  tp 

1 1 J T ” ' 1 S T T Y ’* 

* 

SPECTRAL  PAM') 

- C.GH  T0  I 

, M"  'iTppn-is 

Vr.HICLC  ALT!  T'J1 

r - i.r:  km 

o~  '< 

- r 

ASPECT  A *■'  G L t 

.1(1.11  o 0 

0 J M A '|0 

i,  'rn^r; 

22. 

EFFECT  TVr  HACK 

">Onv  - 

\ . v* 

^7  Lj.  i p n S o 

EFFCCTIVP  PH  T r 

'1 17  E 2 A T 1 J :\  i£  - 

Tnn  = ^.q 

.2  4.-  orr,< 

x.FFrmvF  u a o 7 g 

POUND  T‘_.*V 

T U A S 7 = _ r 

4r,;r-  nr^7<_ 

■ - 

SLT  PNG  (KN/NM) 

i • / i • 

2.7  L, 

'■.7  2. 

7.7  1. 

(f.  7 

00  ALT  ( K M / K - T ) 

2.7  5. 

/ o. 

7.7  4 . 

7 . 7 7 . 

n . 7 i 

PGKGHNn  (W/STR) 

•..  . p l. ' 

t . : . “ 

■'  . ' non 

i) , (in  n m 

ii . n ii  i]  n 

METALS  ._  (W/STPJ 

7G..u  7 74 

IG.il  774 

36. 11770 

. 3 6 . L!  7 7 5 

3.G,  0/  74 

ATT  MFT  (N/STP) 

T'5.  71,73 

H . 4 3 l G 

:> .6  820 

7 . DA  All 

4 . 7 .3  1 G 

. PL  M GAS  ( N/S.T  1) 

5,  3 3 GO  _ 

,1.17  3 

. IIGGH 

. D 7 v 0 . 

. II A 'I  1 

FXT  F H S (W/STR) 

. A 2 77 

.1713 

.1113 

. It  63 

. .1  8 8 1 

a_p°  ‘I'm  < w / s t p ) 

73.  SU34 

iL’PT.Z 

r.  . q p 

. J-m  kill  ... 

..  ..5_,.  LULL 

v POINT  SO!IP~r  10  T'J  T(-"ir,  I TV  *** 

S"r'.n**’Al  PAN. I - P.411  TO  1 . II  :*  MI^?0M3 
VC.  NT  PL r MTTiirv  - I,-,-;  K'i  n-\  -.no  <~7 

AS'7F''T  ANGLE  - T-ll.il  nfGR'-  S T .'I  A '!0*.  , 

e.FF’-OTTVP  TUAC<  °00Y  A \ - All  = 1.3G7.  l.f.TI 

ErtrECTI\/r  on  T - ,1°r'0ATU  >r  - T ji  = <">  S / . 7 ^ 0 1 1 T0< 

_ . n-Ft'OTTytr  q A SK  G 21 1 ) NO  T'/V  - T1A0<  = . Tf7 


SLT  PNG  CK'VN'I) 

i, . / F . 

2,7  1 . 

'7  2. 

?.  7 1, 

. 7 : , 

On  ALT  (\M/KCT) 

2.7  4. 

7.  7 4. 

:;i  .7 

• . / 

.7 

UCKGRNO  ( V* 7 S T R ) 

(•.Mi' 

u.  - 

; , p , 7 n 

i , ;■  nyn 

n,  (mi  nil 

M.£ J A L 5. (N/NT  7)  _ 

17.G3'73  _ 

1 7,  '.307 

1 7 . G 3 1 r 

.*7, 6r'  17 

l7  .LL'j7  ... 

ATT  u FT  ( W 7 S T R ) 

14, 01c7 

A.  ? 'Ml 

4 . 7 .31 

7 , A 1 7 

P , 4 8 V t 

PL  M GAO  (U/STP) 

6. 66'*8 

, 1 < A 

. L5H4 

. 1]  4 7 7 

. 3 7 41 

EXT  F M S ( W 7 0 T R ) 

. 4 7 70 

. 1 76  3 

. 1 'll  7 ■ 

. 1 3 7 

.1123 

APP.5AD  CH/STE)  _ 

. 27.  81 3'i  . 

. . A.  :;7.,  3 . 

7 . 7 II8IJ 

5 . Tim 

2 . 7 7 8 3 
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* POINT  SOURCE  1 p INTENSITY  * * * 

SPFCTPAL  OA MO  - 2,50  TO  3../  MICRONS 

VEHICLE  /LJ  TT!n'-_  - J_.  G?  KM  PP  . <FT 

aspect  angle  - o _ . ‘ ofg »*>s  1V  .1  io-T.  Vvios^H^r 

EFFEOTT  V>-:  nL  ar.«<  OOOY  A >K&  - 1P-T  --  i 7 . von  '1  T'-'TT 

EFFECTIVE  OP  T~M°l’PATU-',r  - in  = <S4<?.  T|?nn  OTG< 

rFFFCTTVc  OACKCHOU.NO  T~/*n  - .f*AC<  - . . (1 , (1 II II  fl  0 < 


SLT  PMC.  (E‘V'1‘11 

rt  l>  A I T M/W  / /I'T  1 


ocKGONn 
MFT  Al S 
ATT  MET 
°L  M GAS 


EXT  EMC 
flRP  pad 


(W/STP) 

(W/STP) 

(W/STE) 

(W/STP) 


_M_.  / M 

_t... 

..  „_A.  / 

2 / c 

2 . ./  e . 

n.  il  II  mi 

0.  11(010 

” li,  0 00  0 

T. ORES 

3.  f0<V3 

o. 0 36  7 

3 . *7  ||  1 || 

. OCOU 

,7??? 

6.  S 0 [■>  ° 

. l nn  o 

, r F 5 5 

• 6 11  All 

. 1 67  o 

.1074 

. .07^1 

i. ln0’ 

. 010  1 

0 • j 1 j 

■» , _5  ->j>  \ 
‘ . tT?  7 


7,  T'j  GT 
. GF  60 
.'TAG 
6S 

77 


: • 


I II II  '-1  [ ' 


--  - 1 


W'Wf.ut  n1,:11 
•'  . 1 


H POINT  SOIJROL  1 o I '4  rr-JS T tv  ¥** 


c."rm  r- AL  T A >.H 
V L H 1 0 L L ALTITU3 
ASPFf'T  A NO L r 
pFFFOTTV~  IL  \r'K 

rrr-cTiv"  o°  t,_ 

EFF.'i.PT  IV  ■“  mCX'. 

- TO  o , 

7.  - 1 • T fm 

u . n rr ■’ 

1 0 nY  4"  ; A ■ 

mp  ■;  ->a  turf 
-•  1 1 10  T p*1'  - J 

nil  1 T - ' ' 1 , 

O'  '.III!  K.<r  v 

I IN  A 

A ■ n p T;  ,J, 

— > « - 7 V , M 

‘ ' -f  £ 1 , III 

AT"  1 : ■ r 

1 1 i i ri  m ; i 
'Mi 

■i  n o - •■.  <• 

• 

SIT  °NG  (KM/NMl 

? . 7 1 . A 

.7  ? . 

2.7  1, 

4,7 

OP  ALT  ( K M 7 F r T ) 

2.7  F ■ 

2.7  G.  ■> 

.7  0. 

'1.7  I . 

i'./ 

[3CKGPN0  (W/STR) 

. « » .*  < 

n , ■> 

/ • J 

i] . n n • i n 

METALS  (W7STR) 

r«,  A?Vq 

1 1 q . 4 ? 7 ‘J  3 0 

. S'7  70 

1 ] A . 4 ? 7 S 

inn, 4 4 / ■ i 

ATT  MFT  (W/f;p) 

1 0 r' . 7G7F 

7'v.lK^  SO 

. A 7 0 7 

0 7.41(17 

0 1 , n-.  7'7 

PLM  GAT  (W/STR) 

2.  1 <U7 

. IS2S 

.204  A 

. 47FU 

<1  t . ') 

L XT  E M 0 (W/TTR) 

A.M’l 

4 SO  II  S 

. 4 'ilS 

- . 77 41 

4.  F4  II  * 

A°P  P.AD  ( W /SIR) 

112.  G,r'0 

7 7 . 0 TOO  hr 

. 0 0 44 

7 0.  (11 ')  J 

r4.  4 '.40 

**  POINT  SODR^F  IR  T N TF^ST  TV  * * * 


SPFCTRAL  Oil'll 
V t H TC  L r ALT  L HI  Of 


A S n F C T .VIS LL  - li  . 

L*  K c F 0 T I V Bl.  AC<  r’00Y  A'"”  A - 


- 4 , 5 1 " 0.;  MTn-"VJO 

1.4/  i/M  10  i, , 1 i<r 

i f f,  ■ ■ t *i 

I'  ,1  : - 


"Qv,  f *1*T  ~ n -I " t ' 
' 1 i i , 7 ' il  II  "<01 


EFFECTIVE'  on  T‘; 

M T>  f 

‘■'AT UR  ' ; 

T ~ 7 :■ 

4.4  *. n 

4 0 ■■■  G V 

ErFrciTVr  ofln<r. 

ROE 

J NO  T’MA  - 

T ' ! A G < - 

1. 11 II  'I 

11  1 ■■■  0 7 

S L T RNG 

( K 1/  N‘1 ) 

n.7  n. 

7.7  1 . 

'l  • 

/ ■>  t 

' . / l . 

'•  . f 

0"  ALT 

( K M / K f T ) 

? . / . 

7.7 

' G. 

J . / u . 

n.  / 

OCKGRMM 

(W/ST2) 

'll . u n mi 

II.  II  Hi)  II 

li. 

mi  on  ■ 

• 

MFT  AL  0 

( W 7 S T n ) 

4 7,  .1 

■r\  'no s 

47  . 

’ 77, 

47 , 7S  .4 

° ^ r.  f-, 

ATT  MFT 

(W7STR) 

•s  n , i.  m 7 1 

^ 4 . p < 

4 r*  * 

to; 

’t  ^ , 0 1 1 ,'J 

i - i 7{  7 i a 

PL  M GAS 

( W 7 S I R ) 

7 . 4 M 0 ! 

• ' I 0 

• 

4 ■ 7 

. 4 4 4 

7 ’1  r * 

•• 

i.  XI  F MS 

( W 7 G T -i  ) 

l 7.  “ 4 s;: 

0.  7 . f-,n 

f • 

7 n 4 7 

^ • •!  ; ^ 1 } 

I . , • . 

App  PAM 

(W7ST7  ) 

OG.  0 4 (il 

' j 4 - > 1 • <!  1 

0 4 . 

7 7 4 

'•  4'.  '4 
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-c:iz 


* PCIMT  SO'Rr 


I^»  PJTPMCJTV  *** 


*-®4 


9 


fr- 

g 

*« 


Sr  Su  KrT!!  ■ !®jp'  HOT 
mr  PfiOSifCIifliil 


F< 

SPECTRAL  oAMO 

- 4.5U  TO  6 

. .JO  M I p:-  0 ‘IS 

__  V_EOICLc  A l T I t i j o 

E - _ 1.G2  KM 

.OR...  5.UD  '<r T 

AS’IOT  ANCLE 

3(1.  n OEG 

SETS  TN  A ‘107 . ATMOS"H- 

2T. 

" <• 

FFF£CJ_IVr  ILA-CK 

i 0 ~Y  AREA  - 

Aoo  - 7 '04.7  '*  " ’"*^1 

EFFECTIVE  ^ T “ 

M^cr>i\TlJ^r 

T n 7 = GO  . . 76  : ’ 1rG  < 

i£. 

. th'FICT.TV£..?fi3!iQ!?r‘.Ui!!Q_TIM?  . -. 

TOAC<<  = L.c:  J-.L.  0 E G < 

— 

si.r  rng. .ck:v'im) 

. 

2.7  1..  4 . / . 7. 

7.  7 1 . 

.4  . 7 2... 

ou  ALT  (<M/K!-T) 

2.7  0. 

2.7  5.  2.7  5. 

1 . / n. 

ii.7  n. 

■7:-r 

iockcrnc  ( w / r; t r ) 

u • ? U \.  >*• 

r . ,i r ii u o.onnu 

n . on  ci  u 

u . nnno 

, » 

. MilXA  L5  ( N / S T p ) 

. . a.  .0  221* 

__SU.  6_?2.4.  ...  51.6174 

..  oil  ■ 52.74 

_J.il,  522  4 ... 

- f 

ATT  iiF'T  (W/ST-O 

50.2431 

30,7  0 46  ,77. 4Q1.7 

35. 7473 

? 4.  781.0 

*» 

. PXM.G.AS.  (w./ST  -L) 

.. . 4.1  S5B.  .. 

... .1  . Ii  IJ  72  . _ ...  6405 

..  . 83  7 Q 

. 54.47 

KXT  EMS  CW/STT) 

2U.7 R2U 

13.0404  11.5576 

1 7 . 3 0 (1  3 

p. 0506 

A op  2_c  o CJ/STD 

5 4j_6  ELI  o 422.70?? 

41.(1?  51  . 

7 q _ Tqn7 

S 

■ - ■ 

... 

,r=;- 

' POINT  SOURCE  IT 

INTENSITY  *** 

SPECTRAL  OANO 

- 4.511  TO  5 

.110  4 T COONS 

VEHICLr  ALtlT'JD 

£ - 1,52  K,( 

no  5.  Ii  u <CI 

ASPECT  ANGLE 

- 60.  n H'T, 

7?rS  TM  A NCR,  ATMOSr’HE 

< = . 

, fi 

EFFECTIVE  “*L  0 

onov  a^fa  - 

APT  = 1257. 16 OM  ni~-l 

EFFECTIVE  CD  T" 

>nr  patiirf 

TOO  = 667. 77' n 0~C< 

EFFECT! Vr  1ACKGROUNO  TFMo  _ 

TOACK  = O.uf-'A  O-GK 

<«■ 

SLT  RNG  { K M / N M ) 

2.7  1,  4./  7, 

2 • 7_  1 , 

j 

00  ALT  ( KM/KCT) 

2./  5. 

2.7  5,  ? . 7 5, 

? . / ? . 

: . / r‘  . 

HCKGRNO  CI/STR) 

u . !'  u r 

w . n 5 i r'  L . 0 n J n 

i) . a n u u 

o.  (limn 

METALS  CW/ST?) 

31.5774 

7 1 . 5 3 T 4 31.5734 

31.3-74 

31. 5774 

1 

ATT  MET  vH/STR) 

31,1575 

I.,.  4 15 7 17,4001 

14 . 5-17  0 

15.  107? 

• a«;ak‘ 

°L‘1  GAS  (W/STR) 

4.10^3,  _ 

- ....  9570  . .5120  ■ 

- .5442 

.5141 

u‘f 

EXT  F MS  (W/STR) 

26.7257 

.•  17.5764  1 4 , 7 5 5 u 

15.5346 

12.5114 

; ,,$•' 

. APR  RAD  . (H/_SXU. 

__  .._ 61 .5737 , IX.  1031-  -_12,iS7u 

. 3 5 .23111 

23. 1 667 
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09  ALT  (<"'/KcT) 


A MO5.  ' T'13','Hr 
A T 5 « 4 9 H (1  C"TO 
f'  T=V< 

l . t I >'  0 0-G< 
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FIGURE  C5  GN-2  IR  SIGNATURE  OUTPUT  (cont’d) 


APPENDIX  D 


GENERIC  NOZZLE  III  (CM- 3)  DEMONSTRATION 


The  final  typical  turbofan  engine  case  represents  a twin  engine 
aircraft  shown  in  Figure  Dl.  The  engines  are  mounted  together  in  the 
tail  and  have  a partially  mixed  flow  axi symmetric  exhaust  nozzle  with 
no  external  plug.  The  plume  interaction  which  may  occur  in  the  real 
exhaust  nozzle  with  plumes  has  not  been  treated  in  ASDIR  so,  therefore 
must  be  neglected. 

This  case  will  demonstrate  output  superposition  required  for  the  IR 
analysis  of  multi-engine  aircraft  and  engine  shielding  by  airciaft  parts. 

Hie  second  entry  feature  affected  by  SIGSUB  will  again  be  demonstrated 
ns  it  was  in  Appendix  C.  The  signature  will  be  developed  by  first 
analyzing  one  engine  by  itself  and  then  adding  the  external  emitting 
surfaces  of  the  aircraft  to  the  Input  Data  Deck  for  the  analysis  of  the 
second  engine.  The  two  outputs  will  be  added  to  form  the  final  IR  signature. 
Figure  D2  show's  those  aspects  angles  for  which  low  temperature  external 
parts  block  to  some  degree  the  view  of  the  higher  temperature  radiating 
parts.  The  exhaust  nozzle  diagram  is  shown  in  Figure  D3.  'Hie  several 
input  data  decks,  output  samples,  and  a final  111  signature  plot  in  the 
plane  of  symmetry  (zero  azimuth)  arc  also  shown. 

liie  tK  not  Fart  Summary  input  Data  Deck  for  the  GN-3  demonstration 
is  shown  in  Figure  D4.  The  preliminary  analysis  to  acquire  the  view 
factors  was  conducted  but  is  not  shown.  Figure  D5  shows  the  SIGSUB 
input  iormat  to  represent  the  results  obtained  from  the  input  of  Figure 
w4.  Tie  output  list  of  the  input  is  omitted  in  these  figures.  Note  in 
r;i r ■ os  that  the  external  radiating  areas  of  the  aircraft  arc  fully 
dr-  :• 'bed  bv  input  data  (ErEMP,  EAREA)  but  their  analysis  is  excluded 
by  > ' input,  NEXT=0.  The  IR  signature  input  data  deck  for  one  engine 
lues  air f:ame  is  shown  in  Figure  1)6  wherein  ihe  NEXT  = 4 input  on  the 
r t TPS2  card  is  not  rescinded  by  NEXT  = 0 on  the  second  IDS2  card. 

■or  data  of  Figure  1)6  is  identical  to  the  engine  only  data  in 
Fig  re  D5.  A sample  of  the  engine  only  IR  signature  is  shown  in  Figure 
D7  and  engine  plus  airframe  IR  signature  data  is  shown  in  Figure  1)8. 

The  composite  zero  azimuth  IR  signature  (sun  of  Figures  1)7  and  D8)  is 
shown  in  Figure  D9.  Since  the  tail  shielding  occurs  only,  in  the 
look-down  scenerio,  the  observer  altitude  is  above  the  target.  In  this 
case,  a non-zero  earth  background  is  required  for  which  a 290°K 
(62°F)  blackbody  has  been  assumed  to  be  appropriate  as  indicated  by 
texts  on  ba  kgrounds. 
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FIGURli  D4  GN-3  HOT  PARTS  SUMMARY  INPUT  DATA  DHCK  r 
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2 -0.  -i).  " " 124.  ' 

2 -0L  -0.  lr  7 . 

2 -o.  -o.  qn. 

2 _ 485 • 759.  8?. 
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2 2524.  775.  4. 
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IDS2  SCASE  N E X T = 4 , M R A N 6 = 2 ,ALTPLM=5  : ;.  , 431  = 2 . 5 , AMF -« . ' , 

' NEXT=07,  1 rxclu d c 3~trx t c rmiT ~ar ea-rattl atrc  e r — 

ICHECK=-?,-« Requests  namelist  output  of  $CARE  ...  $. 

3 BACK=29r . t ^ — Typical  "Barth"  background  temperature. 
ALTOGS(t)  •3*5f)IUl.  ,RANGE(l)=».  , 6076.,  12152.  , 

EYEMP'm  = " 2 78. , 3 u 6.',  337.  , 756  V.  , 

EAREA_(1_)_=_  9618J>._,_  _ _ U_.  , _ 0 . , 0., 

RBN=ii./3,RSN=l5. 0, RTE=12. 0, ANL=24. , 

$ 

iuss Plumin'  $ 

SLOWER  M0R4r|)  ,,)ET  = 2 ,cLTM=n.5,TSP0r:  = ll  .n,  , r,8,^ M-71 '5|J  , , 

uPR-22«6~6,rrR-c“.i54,7Ti'i'i-14C'''i.,T71i'i-D5  5.,n>‘>~‘.ir.-i7  7.r':, 

FNRT  = 6000. , V A SAC=137 ,51, 5 

IDS2SCASE 

_ALTO0S(2>  = 5846.  ,6692  .,  _ _ 

E ARE A(l) = 73424. , 0.,  d.,  P,, 

t __  

2SCASE 

ALTO 95 (2)  = 6978.,  89^5  ., 

EARE  A ( 1)  = 172931].',  5227.,  1 8562.,  6397., 

^ _ 

2SCASE 

ALT09S(2) =10037. , 150  74.,  _ 

EAREA(l)  = 44C355.,  13309.,  47267.,  “i6’9D., 

$ 

SCASE  ' 

ALTO9S(2)=10811. ,15622., 

EAREA(i) - 507954.,  15352.,  54523.,  ‘o., 

$ 

$CASE 

_ ALTQ0S(  2)  = 1107  6.  , 17  152  ., 


EARE A (1 ) = 531164. f 16U54. , 

& 

37059.  , 

$CASE 

ALTOBS(2)=llvl7. ,17034., 

EARE A ( 1) = 535788.,  164B3* , 

$ 

? 87i  3.  , 

1 n 5 8 3 . , 

- ■- 

AUTOBS(2)=10810. ,16620., 

PTHTIRH  D5  ON -3  IR  SIGNATURE  ENGINE  ONLY  INPUT  DATA  \r-'K 


EAREA(l)-  528529.,  16583., 17 777.  , 23714., 


$ 

SCASE 

ALT OPS (2)  = 105 91. * 16 1 15 . , 

EAREA ( 1 ) = 516439.,  1642?., 

$“ 

SCASE 

1 L 5 85 . , 

7463’’.  , 

ALT0BS(2) =87  41. , 124  A?. , 

EAREA ( 1) = 363348. , 132U0., 

s 

SCASE 

ALT  OBS(  2) = 322U. , 11440. , 

EAREA  (1)=  3 2 4 0 95,  , 12.’76., 

47553. , 

25357., 

43942.  , 

24593  . , 

$ 

$ C A S F 

“ ALT  OOS ( 2 ) = 70  7 8 . ,9156., 

EAREA ( 1 ) = 247797.,  1417., 

7471?.  , 

22545., 

SCASE 

A L T (5"B 5TT5  = W70  . , 794  0., 

EAREA ( 1) = 19678?.,  7968., 

295  j 1.  , 

21^93. , 

SCASE 

ALTOBS  C2’J  =5553*0 . 

EARFAti)  = 116399.  , c_  2 . gi^qs,,  18488., 


£ 


J)  V M J L. 

ALT0BS(2)=5424. ,T>fl44 



......  - 

EAREA(l)  •-  1 C 7 2 53 . , 

^ * l . .. 

20126,  i 1817’’,  , 

S 

SCASE 

ALTO nS<2)=11076. ,17152., 

EJREACi)  = 531164,,  16,54.,  57n15t,  19649,, 

$ 

SCASE  TERM= . TRU^.  S 


FIGURE  DS  GN-3  IR  SIGNATURE  ENGINE  ONLY  INPUT  DATA  DECK  cont'd. 
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-8 

SCASE  NEXT=4,NRANG=2  (Aimu^SG  , 0 . , A*  T , 5 , « ME  -3 , n , 

I CHECK--?* 

TRACK=29n • * 

ALTOBS(i)=3*5lH)U.  , R A N6  F ( 1 ) = ij  , , (=> IJ 7 *=» . * 1211'’,* 

LlEMPaV-V  2/0.  , * KvG.  , '‘if.y  '361.  , 

GAPE  A { 1 1 - 991)12.,  II.,  J.,  0., 

RPN-=.li.  7 3rRSN-15 , 0 ,RTE-12, . , ANL=24, , 

$ 

iPl.UMIN  l 

$ POWER  N0RM=  1 , JE  r-2  , FLTH  = 1 ,S  , TV^P'V-n  ,q,  > *EC  ■-  (i . 9 A,  - Mr  a 1(1 
U PR-22. 636, KPR -23. 16  4,  TT  DN  = 14  0 9 , , TT5N  = 6'I5,  , W A 3 A C = i 3 7 . f 1 , 
INK  I -01  IJL  . ,WASA[J=1  1/  .41  , 

2CASE 

ALT0BS(2)=5846.  *6692  •* 

EAREA  ( 1 ) = 7 3924.  « 0..  0.  , 0.. 


1 


$GASE 

ALTOBS(2)=6978. , 8996., 

EAREA (11  = 17 2 9 7 U . , 5227., 

$ 

$C  ASE 

ALT 9 R_S(  2_)_=_1  T_T3 7 . , 1 5 ,'  74 . , 

EAREA <1)="  4 41)3  55'.  , 133(19.  , ' 

s 

SCASE 

ALTOBS ( 2 > - 1 5 811. , 166  22. , 

EAREA (1) - 507954.,  15352., 

$ 

TCXSE 

ALTOBS (2) =110 76. ,17152., 

EAREA ( IT  = 531164.,  16054., 

$ 

SCA5E  ' " 

ALT03S(2)=11L17.  ,171  74., 

$ 

SCASE  ' 

ALTOBS (21=10810. ,16620, , 

EAREA (1) = 52  8529.  , 16583., 


18562. , 


47267, , 


54523. , 


37059. , 


16?  9 0 


17777.  , 


’lire'VT. 


2 3?1  4 


I;TC;UKIi  Dfi  GN-3  IR  SIGNATURE  INPUT  DATA  D17CK  FOR  O'-' 

1 " f 1 MU  l»l  II*’  U'ici*"'’ 


s 

$CA  SE  _ _____ 

ALT0BS(2)=iC593. , 161 86. 


FARE A { 1 ) = 516435,  , 

164?2.  , 

1. 1)585.  , 

7484  7.  , 

$ 

2CASE 

ALTf)BS(2)=8741  . , 12482.  , 
EAREA ( 1 ) = 363348., 

$ 

$CA  SE 

I320C.  , 
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_2  57 4 7 , , 

ALTOBSC2)=S224.  , 1144['.  , 
EAREA ( 1 ) = 324U95., 

12076,  , 

43942. , 

24697.  , 

$ 

$CASE 

ALTOBS  < 2 < , 1178.  ,9156., 

EAREA (1) = 247797., 

1417.  , 

"'4712.  , 

2-’545,  , 

S 

J CASE 

hLi  UU  ■ 1 1 / J « ) 

EAKEMi) = 19 678S. , 

7 968.  , 

2 9501. , 

210  9 7 ,, 

V 

SCASE 

AlT0BS<2;=55’l  . ,67  5 ? ,, 
EARE A { 1 ) = 116399,, 

5592.  , 

21096. , 

18487., 

$ 

SCASE 

“ alt  o ns  < 27= 5 424. ,53 4 8 ., 
EAREA ( 1 ) = 107253., 

0.  , 

20126. , 

18170 . , 

i> 

SCASE 

ALT0BS(2> =110 76. ,17152., 
, EAREA(l) = 531164. , 

4 

16054., 

5 7015.  , 

19649. , 

SCASE  TERM". TRUE.  £ 

FIGURE  D 6 GN-3  IR  SIGNATURE  INPUT  DATA  DECK  FOR  ONE 
ENGINE  PLUS  AIRFRAME  cont'd. 
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FIGURE  D7  GN-3  ENGINE  ONLY  IR  SIGNATURE  (SAMPLE)  cont'd. 
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COPY  AVAILABLE  TO  DSC  DOES  NOT 
•••»<■>  i ^PERMIT  FOLLY  LEGIBLE  PRODUCTION 


, plume:  analysis 
**  flight  conditions:  ~ ~ 


ALTITUDE  IS  5000.  FEET, 

WEATHER  IS  ICAO  MIL  STD  ?i'  STAM0fi°O  DAY 
WITH  .(1(1113111  WATER  ''DNTEDT. 

VISIBLE  CONTRAIL  IS  NOT  EXT'CTED 
CASE  MACH  NUMBER  IS  .SO  AT  AMBIENT 
PRESSURE  "OF”"  12,23  ° S I A . 

TEMPERATURE  Or  5(11.  DE SR, 

VELOCITY  OF  599.  FT/SFC. 


ENGINE  IS  RUNNING  WITH  A FUEL  r 0 J T '( AL  EmCF  RATIO  (E^R)  of  .PI 


**  INPUT  PARAMETERS 


f 


0 


a 


> 


PLUME  AM9IENT 

PRESSURE,  _ P 

SPECIFIC  HEAT,  C° 

GAS  CONSTANT,  R 
SP.  HT.  RATIO 
MACH  NIJMTER 
SFmMnftPV  0O£CQ_r 
DnOX  = 

RB=  .978  Vc= 

♦♦FLOW  FIELD  I N°UT 


RADIUS 

VEL OCTTY 

TCMPERATURF" 

X D 0 ? ~ 

" <H2D 

(FEET) 

(FT/SED 

( nEG  R) 

G.C0C.1 

' 1651.36 

14c,-  . r ' 

.i 26262 

..■29141. 

.0978 

1 6 51 » 36 

14. A , Ci. 

. 026262 

. j 291  44 

.1955 

1651.36 

145 (.or 

. 12626? 

. 0 29’  44 

.2937 

1651.36 

1.  ^ c • c 

. j 25262 

. . 2 9 ! 4 4 

.391(1 

16  51,36 

1 4 1 ' ( . i L 

, 26262 

. .129144 

.4888 

1651.36 

1 41/L-. T 0 

. ,,2  62  62 

,129144 

.5895 

1651.36 

1 4 ... j I 

. : ?5»6? 

. j 2 9 4 4 

. 6843 

16  51.36 

T4i  r.'ir 

. [26262 

.029144 

.7  821) 

1651.36 

1400.  C‘V 

. .26’6? 

. j 29)  44 

.8798 

1651.36 

14  0(1.110 

2 62  62 

. J 2 9 1 4 4 

.9775 

1651.36 

14  0 U • (1.0 

. r 2 6 2 6? 

. 1 2 91  4 4 

1.0753 

1U  38.01 

607. 1° 

. 00  073'' 

. j r p 7 3 6 

1.1730 

10  88.01 

6117.,  19 

. un  nx^u 

. J . j 3 3 ' 

**  AMBIENT  CONDITIONS 

1.27C8 

598.97 

500.84 

.029330 

, J n n 3 3 n 

,_8  3q_ . 832_  ATMOS. 

.29?  PTU/LB-f" 

53.43?  ft/F 
1.3''? 

1 . C:  J n 

do:  Arunr 

* ^ ■ *-  . * • 

. 

6.62C  REND=  76.4b5  aU=  287.365 


FIGURE  D8  GN-3  ONE  ENGINE  PLUS  AIRFRAME  IR. SIGNATURE 
(SAMPLE) 


if 


i 


T>"» 


* ** 


* * * 


COPY  AVAILABLE  TO  DOG  DOES  NOT 
PERMIT  FULLY  LEGIBLE  PRODUCTION 


POINT  SOURCE  IP  I N TENS  I T Y *** 


SPECTRAL  BANO  - 2 . S'  TO  3. Oil  MICRONS 
VEHICLE  ALTITUDE  - 1.5?  KM  OR  O.fil)  KFT 

ASPECT  ANGLE  __  - f>7 . 0 UEG?;rS  T N A NOP.  AT“OSr’HZR 

EFFECTIVE  BL  ACK  BODY  "AREA  - " A'o'l  '=  T3n«.  OOflfi"  cmrT 
EFFECTIVE  OB  TFNPCRATURE  - T r,0  - 746.1111110  B-;s< 
EFFECTIVE  BACKGROUND  TEMP  - TRACK  = 200,(1400  n e G < 


SLT  RNG  (KM/NM) 
OB  ALT  ( KM/ KF T ) 


U./  0.'  ?./  1. 

2./  5.  3./  11, 


HCKGRNO  (W/STR) 
METALS  (W/STR) 
ATT  MET  (W/STR) 
PL  M GAS  (W/STR) 
EXT  CMS  (W/STR) 
APR  R A D ( W/STR ) 


6.  .'3  73  5. '’  773 

44..U0.3  44,7083 

30.4  442  11,  041.5 

16.8073  6.^680 

, 3 0 60  -.  0 8 3 6 

5C',26lj7  ' 12. f 8 5 2 


POINT  SO  URC  E IP.  IN  TENS  I TV  * * * 


SPECTRAL  BAND  • - 2.0.1  tq  3.;'  MTCRONS 

VEHICLE  ALTITUDE  - ’.07  OR  O.M  KFT 

ASPECT  ANGLE  - 34. n Dl.RErs  : t|  A NOP , ATMOSP-F? 

EEFECTT  VF  3L  A CK  00  OY  AREA  - A 01  - 2230,..  7 - '"’ST 
EFFECTIVE  Of)  TFMj’ERA  TUR  E _ TOO  r 763.  ■ r : r n^A< 
EFFECTIVE  BACKGROUND  Ye  M°  - TOACK  = ?0  U . (Jf)  U 0 T"G  < 


SLT  RNG  (KM/NM)  (,/  t,  2./  1. 

OB  ALT  (KM/KPT)  2.7  0.  3./  0. 


OCKGRNO  (W/STR) 4.  0 732 

METALS  ( W/STR)  OT.  4 10(j 

ATT  MET  (W/STR)  76.071)6 

PL M GAS  (W/STR)  14. '634 

EXT  EMS  (W/STR)  .6737 

APP  RAD  (W/STR)  87.0606 


4.  n 34-> 

on.  Vioij 

23. 1 242 
4. 2«20 
'15  3? 
23. 422) 


FIGURE  B8 


GN-3  ONE  ENGINE  PLUS  AIRFRAME  IR  SIGNATURE 
(SAMPLE)  coin’d. 


IR  SIGNATURE  (WATTS/STER) 

TARGET  AT  5000. FT.  ALTITUDE 
IR  BAND  - (2.  5-3  . O^jM) 


FIGURE  D9  GN-3  COMPOSITE  AIRCRAFT  IR  SIGNATURE 
AT  ZERO  AZIMUTH. 


